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ABSTRACT
Two f e e d - l o t  t r i a l s  i n v o l v i n g  128 p i g s  were conduc ted  to  
s tu d y  th e  e f f e c t  o f  10 p e r c e n t  added t a l l o w  on c a lc iu m  and p h o s ­
phorus  r e q u i r e m e n t s  o f  swine.  R e p l i c a t e d  2 x 4  f a c t o r i a l  d e s i g n s  
were employed i n  which c a l c iu m  l e v e l s  o f  0 . 2 ,  0 . 4 ,  0 . 6  and 0 . 8  p e r ­
c e n t  o f  the  r a t i o n  and phosphorus  l e v e l s  o f  0 . 3 5 ,  0 . 4 5 ,  0 .55  and 
0 .65  p e r c e n t  o f  the  r a t i o n  were fed  w i th  0 and 10 p e r c e n t  t a l l o w .  
H iosphorus  was m a in t a in e d  a t  0 .4 5  p e r c e n t  w i th  v a r y i n g  c a lc iu m  
l e v e l ,  and c a lc iu m  was m a i n t a i n e d  a t  0 . 6  p e r c e n t  when phosphorus  
was v a r i e d .  A l e v e l  o f  0 . 2  p e r c e n t  c a lc iu m  was i n a d e q u a t e  f o r  
normal g a i n ,  feed  c o n v e r s i o n  and bone d e n s i t y .  Feed i n t a k e  and 
g a i n s  p a r a l l e l e d  c a lc iu m  i n t a k e  up to  0 . 6  p e r c e n t .  S p e c i f i c  
g r a v i t y ,  p e r c e n t  ash  and c a l c iu m  o f  femurs  i n d i c a t e d  c a lc iu m  
in c re m e n t s  up to  0 . 6  p e r c e n t  i n c r e a s e d  bone d e n s i t y ,  w h i l e  
b r e a k i n g  s t r e n g t h  i n c r e a s e d  w i th  each  c a lc iu m  in c re m e n t .  H ios-  
p ho rus  i n t a k e  had no e f f e c t  on g a i n ,  f e e d  i n t a k e  o r  e f f i c i e n c y .  
Femur a s h ,  c a lc iu m  and phosphorus  i n c r e a s e d  w i th  i n c r e a s e d  
d i e t a r y  p h o sp h o ru s .  S p e c i f i c  g r a v i t y  and b re a k in g  s t r e n g t h  o f  
femurs were g r e a t e s t  a t  0 .45  p e r c e n t  p h o sp h o ru s .  Leve l o f  d i e t a r y  
c a lc iu m  or phosphorus  had no e f f e c t  on c a r c a s s  c h a r a c t e r i s t i c s .  
B a c k - f a t  was i n c r e a s e d  and p e r c e n t  l ean  c u t s  d e c r e a s e d  by t a l l o w .
S u p p o r t i n g  d a t a  were o b t a i n e d  w i th  c o n v e n t i o n a l  and 
r a d i o - c h e m i c a l  b a l a n c e s  in  two t r i a l s  u s in g  a 2 x 2 f a c t o r i a l
ix
d e s i g n .  The e f f e c t s  o f  added  t a l l o w  i n  e i t h e r  15 and 18 p e r c e n t  
p r o t e i n  r a t i o n s  o r  0 . 2  and 0 . 8  p e r c e n t  c a lc iu m  r a t i o n s  on c a l c iu m  
and pho sp h o ru s  u t i l i z a t i o n  were  m easu red .  R e s u l t s  I n d i c a t e d  t h a t  
p lasma c a lc iu m  and pho sp h o ru s  were n o t  a l t e r e d  by t a l l o w  o r  p r o t e i n ,  
b u t  p la sm a  c a l c iu m  was lower on lo w -c a lc iu m  d i e t s .  More c a lc iu m  
and p h o sp h o ru s  were e x c r e t e d  on h i g h - f a t  and h i g h - c a l c i u m  r a t i o n s  
w i t h  l i t t l e  e f f e c t  due to  p r o t e i n .  Endogenous  f e c a l  c a l c iu m  was 
h i g h e r  on r a t i o n s  h ig h  i n  f a t  a n d / o r  c a l c iu m ,  w hereas  endogenous  
f e c a l  p h o sp h o ru s  was lower on t a l l o w  d i e t s .  Endogenous m i n e r a l  
l o s s e s  were  n o t  a f f e c t e d  by l e v e l  o f  p r o t e i n .  True d i g e s t i b i l i t y  
o f  pho sp h o ru s  was d e c r e a s e d  in  one t r i a l  and i n c r e a s e d  i n  a n o t h e r  
by added f a t ,  w hereas  t r e a t m e n t  d i d  n o t  a f f e c t  t r u e  d i g e s t i b i l i t y  
o f  c a l c iu m .
D i g e s t i o n  c o e f f i c i e n t s  o b t a i n e d  under f e e d - l o t  c o n d i t i o n s  
showed t h a t  t a l l o w  or  c a lc iu m  l e v e l  had no e f f e c t  on d i g e s t i b i l i t y  
o f  d ry  m a t t e r ,  e n e r g y ,  p r o t e i n  o r  n i t r o g e n  f r e e  e x t r a c t .  C o e f f i ­
c i e n t s  were g r e a t e r  f o r  c a lc iu m ,  p h o s p h o ru s ,  t o t a l  d i g e s t i b l e  
n u t r i e n t s ,  and f a t  a t  0 . 2  p e r c e n t  c a lc iu m .  T a l lo w  d e c r e a s e d  p h o s ­
phorus  d i g e s t i b i l i t y  and i n c r e a s e d  t h a t  o f  f i b e r ,  f a t  and t o t a l  
d i g e s t i b l e  n u t r i e n t s .  D i g e s t i b i l i t y  o f  f a t  was d e c r e a s e d  from 54 
to  28 p e r c e n t  by i n c r e a s i n g  c a l c i u m  l e v e l  from 0 . 2  to  0 . 8  p e r c e n t  
o f  the  r a t i o n ,  w hereas  c a l c iu m  d i g e s t i b i l i t y  was d e c r e a s e d  only  
5 p e r c e n t  by a d d in g  t a l l o w .  C alc ium  soaps  in  f e c a l  samples  were 
h i g h e s t  from p i g s  fed h i g h - c a l c i u m ,  h ig h - t a ^ . l o w  d i e t s , % b u t  d i f ­
f e r e n c e s  be tw een  c a l c iu m  l e v e l s  were s m a l l .
x
INTRODUCTION
E x p e r im en ta l  an im a l  n u t r i t i o n  h a s  t r an s fo rm ed  from an  age 
o f  new d i s c o v e r y  i n t o  one o f  i n t e r r e l a t i o n s h i p  i n v e s t i g a t i o n .  The 
d i s c o v e r y  of  s o - c a l l e d  "new" n u t r i e n t s  d u r in g  e a r l i e r  e r a s  r e s u l t e d  
i n  l a r g e  i n c r e a s e s  i n  p r o d u c t i o n  and tremendous growth in  l i v e s t o c k  
p o p u l a t i o n s .  Economic c o m p e t i t i o n  i n  the  modern world h a s  b rough t  
a b o u t  i n t e n s i f i e d  r e s e a r c h  f o r  more econom ica l  and p r o d u c t i v e  nu­
t r i e n t  c o m b in a t io n s .  I n c r e a s e d  growth r a t e  o f  d o m e s t i c  s t o c k  h a s  
c r e a t e d  a  g r e a t e r  demand f o r  a l l  n u t r i e n t s ,  n e c e s s i t a t i n g  changes  
o r  r e v a l u a t i o n  o f  a c c e p te d  f e e d in g  s t a n d a r d s .
Recent p r i c e  t r e n d s  i n  w as te  an im a l  f a t s  have  made f e a s i b l e  
t h e i r  a d d i t i o n  to swine r a t i o n s .  Data i n d i c a t e  t h a t  t h i s  p r a c t i c e  
may be j u s t i f i e d  by improved feed e f f i c i e n c y  and i n c r e a s e d  growth ,  
w i th  l i t t l e  e f f e c t  on c a r c a s s  c h a r a c t e r i s t i c s .  A common e f f e c t  o f  
added f a t  in  swine d i e t s  i s  d e c r e a s e d  feed i n t a k e ,  w h i le  growth 
rem a ins  p r a c t i c a l l y  unchanged o r  s l i g h t l y  i n c r e a s e d .  Thus the 
immediate e f f e c t  i s  normal g a i n  on fewer t o t a l  n u t r i e n t s  consumed, 
w i th  the  e x c e p t i o n  o f  c a l o r i e s .  This  leads  to  s p e c u l a t i o n  a s  to 
the  adequacy o f  n u t r i e n t  l e v e l s  under such c o n d i t i o n s  f o r  maximum 
p e r fo rm ance .  D i r e c t  i n t e r a c t i o n  o f  energy  i n t a k e  and s p e c i f i c  
n u t r i e n t s  may e x i s t ,  w a r r a n t i n g  i n v e s t i g a t i o n .  S ince  add ing  waste  
an im a l  f a t s  to  swine r a t i o n s  p o s s i b l y  c r e a t e s  d e f i c i e n c i e s  no t
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2norm al ly  o b s e r v e d ,  b a s i c  d a t a  on the  p h y s i o l o g i c a l  and p h e n o ty p ic  
e f f e c t s  o f  ad d in g  f a t  to  swine d i e t s  a r e  e s s e n t i a l .
I t  i s  r e c o g n iz e d  t h a t  the  c h a r a c t e r  and q u a n t i t y  o f  d i e t a r y  
f a t  a l t e r s  th e  c h a r a c t e r  and q u a n t i t y  o f  d e p o t  f a t  i n  swine.  I t  h a s  
a l s o  been  e s t a b l i s h e d  t h a t  t h e r e  i s  a minimum d i e t a r y  p r o t e i n  l e v e l  
f o r  maximum growth  and m usc l ing  in  m e a t - ty p e  swine.  I t  i s  r e a s o n ­
a b l e  to  assume t h a t  a d d i t i o n a l  f a t  in  swine r a t i o n s  may i n c r e a s e  the  
p r o t e i n  r e q u i r e m e n t  i n  o r d e r  to  m a i n t a i n  a d e s i r a b l e  meat - type 
c a r c a s s .  A v a i l a b l e  d a t a  have i n d i c a t e d ,  however,  l i t t l e  b e n e f i t  
o f  e x c e s s  p r o t e i n  in  h ig h - e n e r g y  d i e t s .
The e f f e c t  o f  added d i e t a r y  f a t  on c a lc iu m  u t i l i z a t i o n  
h a s  been  w ide ly  p o s t u l a t e d  and s t u d i e d .  I t  i s  th o u g h t  t h a t  a h ig h  
I n t a k e  o f  f a t  i n c r e a s e s  the  l o s s  o f  d i e t a r y  c a lc iu m  th rough  the  
f o r m a t i o n  o f  i n s o l u b l e  f a t t y  a c i d - c a l c i u m  soap complexes .  In  
c e r t a i n  c a s e s  t h e r e  have been  i n d i c a t i o n s  t h a t  low l e v e l s  o f  added 
f a t  i n  m o n o g a s t r i c  d i e t s  enhance c a lc iu m  a b s o r p t i o n .  The r e l a t i o n ­
s h ip  be tween c a lc iu m  and phosphorus  l e ad s  to  the  a s su m p t io n  t h a t  
an  e f f e c t  on c a lc iu m  m e tabo l i sm  causes  a s im u l ta n e o u s  e f f e c t  on 
phosphorus  m etabo l i sm .  The im por tance  of  ca lc ium  and phosphorus  
i n  s k e l e t a l  s t r u c t u r e  and c e l l u l a r  chem is t ry  n e c e s s i t a t e s  i n v e s t i ­
g a t i o n  o f  p o s s i b l e  i n t e r a c t i o n s  w i th  added f a t .
The a b s o l u t e  q u a n t i t y  o f  a  n u t r i e n t  r e q u i r e m e n t  depends 
upon a g e ,  body s i z e ,  growth  r a t e  and e n v i ro n m e n ta l  c o n d i t i o n s .
Such c r i t e r i a  mzke i t  d i f f i c u l t  to  c o n s id e r  n u t r i e n t  r e q u i r e m e n t  
a s  an  a b s o l u t e  q u a n t i t y ,  when e x p re s s ed  as  r a t i o n  c o n c e n t r a t i o n .
Thus i t  may be more l o g i c a l  to  -co n s id e r  the  amount o f  n u t r i e n t
3a c t u a l l y  consumed than  l e v e l  In  the  d i e t  p e r  sev. I t  ha s  been 
d e m o n s t r a t e d ,  however,  t h a t  many n u t r i e n t  r e q u i r e m e n t s  p a r a l l e l  
d i e t a r y  In ta k e  o f  d ry  m a t t e r .  The r e q u i r e m e n t s  f o r  most n u t r i e n t s  
a r e  u s u a l l y  e x p re s s ed  a s  a  p e r c e n ta g e  o f  the  d i e t .
N u t r i t i o n a l  d a t a  from swine i n v e s t i g a t i o n s ,  i n  many 
i n s t a n c e s ,  may be e x t r a p o l a t e d  to human n u t r i t i o n ,  s i n c e  the  
d i g e s t i v e  systems o f  man and swine a r e  q u i t e  s i m i l a r ,  and such 
h ig h  energy  d i e t s . a p p r o a c h  the  c a l o r i c  v a l u e  and o r i g i n  o f  those  
consumed by man. Th is  s tudy  was d e s ig n e d  to  s tudy  the  m e tabo l ism  
o f  ca lc iu m  and phosphorus  i n  swine and to  d e te rm in e  the  r e q u i r e m e n t s  
f o r  t h e se  m in e r a l s  under  p r a c t i c a l  f e e d - l o t  and c o n t r o l l e d  l a b o r a t o r y  
c o n d i t i o n s  a s  they a r e  a f f e c t e d  by energy  and p r o t e i n  i n t a k e  l e v e l s .
LITERATURE REVIEW
C alc iu m - Ih o sp h o ru s  Requi rements  of  Swine
Dunlop (1935) s t a t e d  t h a t  the  t r u e  r e q u i r e m e n t  o f  an 
an im a l  f o r  c a lc iu m  and phosphorus  i s  depen d en t  on growth r a t e  and 
e f f i c i e n c y  o f  feed  c o n v e r s io n .  The r e s u l t s  o f  h i s  i n v e s t i g a t i o n s  
r e v e a l e d  t h a t  a swine d i e t  w i th  a ca lc ium  l e v e l  o f  0 .45  p e r c e n t  
o f  the  dry  m a t t e r  and a c a lc ium -phosphorus  r a t i o  o f  a p p ro x im a te ly
1, was o p t i o n a l ,  when av e rag e  d a i l y  g a i n  from 30 to  200 pounds
v a r i e d  between 1 .0  and 1 .4  pounds p e r  day and the  e f f i c i e n c y  from 
3 to  4 pounds o f  dry  m a t t e r  p e r  pound o f  g a i n .  Low c a lc iu m  i n t a k e s  
d id  n o t  change blood ca lc ium  l e v e l s .
Aubel e £  fll_. (1936) e s t a b l i s h e d  the  minimum phosphorus
r e q u i r e m e n t s  o f  swine a t  0 .2 7  to  0 .3 0  p e r c e n t  o f  the  d i e t ,  Aubel
and Hughes (1937) found t h a t  p i g s  r e c e i v i n g  r a t i o n s  of 0 .5 1  p e r c e n t  
phosphorus  and 0 .79  p e r c e n t  ca lc ium  had the  b e s t  a p p e t i t e s ,  g a i n s ,  
bone fo r m a t i o n  and e f f i c i e n c y  o f  g a i n .  Blood l e v e l s  o f  serum 
i n o r g a n i c  phosphorus  dropped on low phosphorus  d i e t s  from an  
i n i t i a l  5 .5  m i l l ig ra m ,  p e r c e n t  to  2 .6  m i l l i g r a m  p e r c e n t ,  w h i le  
serum c a lc iu m  l e v e l  was m a in ta in ed  or i n c r e a s e d .  There  was no 
e f f e c t  on blood phosphorus  a t  0 .2 3  p e r c e n t  d i e t a r y  phosphorus  or  
above. I t  was observed  t h a t  c a r c a s s e s  of p ig s  fed low l e v e l s  o f  
phosphorus  c a r r i e d  more f a t  than  p i g s  r e c e i v i n g  h i g h e r  l e v e l s ,  
though t h e r e  was no c o n s i s t e n t  e f f e c t  on d r e s s i n g  p e r c e n t a g e .
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5T h e i l e r  ££  fl_I. (1937) conducted  e x p e r im e n t s  w i th  swine 
on the  e f f e c t  o f  r a t i o n s  d e f i c i e n t  in  c a lc iu m  o r  phosphorus  o r  
b o th .  The r a t i o n s  were c o n s id e r e d  d e f i c i e n t  a t  0 . 1  p e r c e n t  c a l ­
cium and ad eq u a te  a t  0 . 2  p e r c e n t .  T h e i l e r  s t a t e d  t h a t  serum 
ca lc ium  was n o t  lowered by low l e v e l s  o f  c a lc iu m  i n  the d i e t .
Pig r a t i o n s  c o n t a i n i n g  0 . 1  p e r c e n t  c a lc iu m  were con­
s i d e r e d  d e f i c i e n t  by Aubel fiJt fll.. (1941) .  P igs  e x h i b i t e d  poor 
a p p e t i t e s ,  d i a r r h e a ,  became c o a r se  h a i r e d  and n e rvous .  One h a l f  
of  the  p ig s  r e c o v e re d  a f t e r  the  t e n t h  week and were f a i r l y  normal 
a t  the  end o f  24 weeks e x c e p t  in  w e igh t .  The rem a in d e r  showed 
c o n t i n u a l  d i s t u r b a n c e s  d e v e lo p i n g  p a r a l y s i s  of  the  h i n d q u a r t e r s .
A sm a l l  p e rc e n ta g e  o f  p i g s  r e c e i v i n g  0 .2 5  p e r c e n t  d i e t a r y  c a l ­
cium showed d e f i c i e n c y  symptoms and those  a p p e a r in g  normal  had 
s o f t  bones  when s a c r i f i c e d .  Blood ca lc ium  dropped i n i t i a l l y  and 
then  r o s e  to  normal on the  low ca lc ium  d i e t s .  P igs  were a b l e  to 
overcome the  d e f i c i e n c y  a s  they m a tu red ,  i n d i c a t i n g  r e q u i r e m e n t s  
to  be g r e a t e r  i n  t h e  young and d e c r e a s e d  w i th  m a t u r i t y .
B e l l  £ t  al_. (1941) r e p o r t e d  a p r o p o r t i o n a l  r e l a t i o n s h i p  
between c a lc iu m  i n t a k e  o f  p i g s  and bending and t w i s t i n g  s t r e n g t h  
o f  femurs over  a d i e t a r y  range  o f  0 .0 7  to  0 .3 6  p e r c e n t .  A p r o ­
g r e s s i v e  r i s e  i n  t o t a l  c a lc iu m  r e t e n t i o n  i n  the  femur was 
observed  to  i n c r e a s e  femur bending  and t w i s t i n g  s t r e n g t h .
Chapman e £  &1.. (1955) recommended 0 . 8  p e r c e n t  ca lc ium  
and 0 , 6  p e r c e n t  phosphorus  i n  p ig  d i e t s  from weaning to 100 
pounds and a r e d u c t i o n  o f  0 .1  p e r c e n t  o f  each from 10C to  200 
pounds.  There  were no d i f f e r e n c e s  i n  p e r c e n t  c a lc iu m ,  p o t a s s iu m ,
6sodium, magnesium o r  phosphorus  of  femur a sh  from p i g s  fed  r a t i o n s  
c o n t a i n i n g  0 . 2  to  0 . 8  p e r c e n t  c a lc iu m  and 0 . 2  to  0 . 7  p e r c e n t  p h o s ­
pho rus .  D a l ly  g a i n ,  b re a k in g  s t r e n g t h  and femur a sh  i n c r e a s e d  w i th  
i n c r e a s i n g  l e v e l s  o f  c a lc iu m  and phosphorus  and l e v e l  o f  phosphorus  
e x h i b i t e d  the  g r e a t e r  e f f e c t .
M i l l e r  £ t  a i .  (1960) r e p o r t e d  t h a t  0 . 6  p e r c e n t  ca lc ium  
in  the  p r e s e n c e  o f  0 .5  p e r c e n t  phosphorus  s u p p o r te d  maximum growth 
and feed re sp o n se  in  baby p i g s .  A n a l y s i s  o f  humerus a s h ,  c a lc iu m ,  
phosphorus ,  s p e c i f i c  g r a v i t y  and b re a k in g  s t r e n g t h  of fem urs ,  how­
e v e r ,  showed t h a t  the  minimum ca lc iu m  l e v e l  f o r  maximum s k e l e t a l  
fo r m a t i o n  was 0 . 8  p e r c e n t  o f  the  r a t i o n .
Leve ls  beyond 0 . 8  p e r c e n t  c a lc iu m  caused growth d e p r e s s i o n  
and ,  i n  some i n s t a n c e s ,  d e c r e a s e d  feed  u t i l i z a t i o n  in  a s e r i e s  o f  
t r i a l s  conducted  by Zimmerman a i*  ( I 9 6 0 ) .  Bone a s h ,  however,  
i n c r e a s e d  w i th  each in c re m en t  i n c r e a s e  of  ca lc ium .  Adequate  growth 
was o b ta in e d  w i th  0 . 7  p e r c e n t  c a lc iu m ,  whereas  0 .5 2  p e r c e n t  was 
i n a d e q u a te .
Ru t ledge  ££  a^,. (1961) fed  e a r l y  weaned p i g s  p r a c t i c a l  
c o rn - so y b ea n  meal d i e t s  c o n t a i n i n g  0 . 4 ,  0 . 6 ,  0 . 8  o r  1 .0  p e r c e n t  
c a lc iu m  and 0 . 6  p e r c e n t  phosphorus .  H igh ly  s i g n i f i c a n t  l i n e a r  
t r e n d s  toward i n c r e a s e d  ash  and c a lc iu m  c o n t e n t  o f  femur samples  
and o f  humeri  b re a k in g  s t r e n g t h  r e s u l t e d  from i n c r e a s e s  i n  d i e t a r y  
ca lc ium .  Rate o f  g a i n ,  feed e f f i c i e n c y  and serum ca lc ium  and 
phosphorus  l e v e l s  were n o t  a f f e c t e d  s i g n i f i c a n t l y  by ca lc ium  
c o n t e n t  o f  the  d i e t .  Rad iographs  o f  femurs and humeri  i n d i c a t e d  
marked i n c r e a s e s  i n  d e g re e  o f  c a l c i f i c a t i o n  and bone d e n s i t y  w i th
7i n c r e a s e d  d i e t a r y  ca lc iu m .  Uie minimum c a lc iu m  l e v e l  s u g g es te d  
was 0 . 8  p e r c e n t  o f  the  r a t i o n .
Leve ls  o f  0 . 2 4 ,  0 . 3 6 ,  0 . 4 8  and 0 .7 2  p e r c e n t  phosphorus  a t  
c a l c iu m -p h o sp h o ru s  r a t i o s  o f  1.2 and 2 .1  were fed  young p i g s  by 
Combs £ £  a l . (1962) .  No i n t e r a c t i o n  between phosphorus  l e v e l  and 
the  ca lc iu m -p h o sp h o ru s  r a t i o  was ob se rv ed .  N e i t h e r  r a t e  nor 
e f f i c i e n c y  o f  g a in  were changed by d i e t a r y  l e v e l  o f  phosphorus .  
F i b u l a  ash  and d e n s i t y  were l i n e a r l y  i n c r e a s e d  w i th  in c r e a s e d  
in c re m en t s  o f  d i e t a r y  phosphorus .  An e v a l u a t i o n  of  the  o v e r a l l  
r e s u l t s  i n d i c a t e d  t h a t  0 . 2 4  and 0 .3 6  p e r c e n t  phosphorus  were 
a d e q u a te  f o r  r a t e  and e f f i c i e n c y  o f  g a i n ,  b u t  were in a d e q u a te  fo r  
s k e l e t a l  deve lopm ent .  No l o s s  o f  a p p e t i t e  was no ted  i n  th e se  
young p i g s .  F u r t h e r  e x p e r im e n t s  v e r i f i e d  t h e s e  d a t a ,  i n d i c a t i n g  
t h a t  0 . 4 4  p e r c e n t  phosphorus  a t  the  ca lc ium -phosphorus  r a t i o  of 
0 .9  to  1 was s u f f i c i e n t  f o r  p i g s  fed f o r t i f i e d  co rn - so y b ean  meal 
r a t i o n s .
Calcium and phosphorus  r e q u i r e m e n t s  o f  g r o w i n g - f i n i s h i n g  
swine fed  r a t i o n s  f o r t i f i e d  w i th  v i t a m i n s ,  t r a c e  m i n e r a l s  and 
a n t i b i o t i c s  were i n v e s t i g a t e d  by Chapman aj.. (1962) .  D ie t a r y  
c a lc iu m  and phosphorus  l e v e l s  fed ranged from 0 , 2  to  0 . 8  p e r c e n t  
and 0 . 2  to  0 . 7  p e r c e n t ,  r e s p e c t i v e l y .  Rate o f  g a in  d e c r e a s e d  w i th  
i n c r e a s e s  i n  d i e t a r y  c a lc iu m  a t  0 . 2  and 0 .3  p e r c e n t  phosphorus ,  
b u t  was c o n s t a n t  a t  a l l  l e v e l s  o f  ca lc ium  i n t a k e  w i th  0 . 4  p e r c e n t  
phosphorus .  I n c r e a s i n g  phosphorus  to  0 .6  p e r c e n t  of  the  d i e t  
r e s u l t e d  i n  i n c r e a s e d  g a i n s  to  100 pounds f o r  a l l  l e v e l s  o f  ca lc ium  
fe d .  Femoral changes  i n  p ig s  fed d e f i c i e n t  d i e t s  were compact ion ,
8t h i c k e n in g  and s h o r t e n i n g .  There was a h i g h l y  s i g n i f i c a n t  i n c r e a s e  
i n  femur w e ig h t  w i th  i n c r e a s e s  i n  d i e t a r y  c a lc iu m  o r  phosphorus ,  
though th e r e  were no d i f f e r e n c e s  i n  ca lc ium  or phosphorus  c o n t e n t  
o f  femurs due to  t r e a t m e n t .  There was a s i g n i f i c a n t  c o r r e l a t i o n  
between femur b r e a k in g  s t r e n g t h  and c a lc iu m  and phosphorus  l e v e l s  
i n  the  d i e t .  Leve ls  o f  0 . 4  p e r c e n t  phosphorus  and 0 . 4  p e r c e n t  c a l ­
cium were minimum l e v e l s  to  p r e v e n t  bone a b n o r m a l i t i e s .  D ie t a r y  
r e q u i r e m e n t s ,  to  a s s u r e  maximum r a t e  o f  g a i n  and optimum s k e l e t a l  
deve lopm en t ,  appea red  to  be 0 . 8  p e r c e n t  ca lc ium  and 0 . 6  phosphorus  
f o r  the  p ig  from 25 to  100 pounds ,  and 0 .7  p e r c e n t  ca lc ium  and 0 .5
p e r c e n t  phosphorus  from 25 to  200 pounds.
I n t e r r e l a t i o n s h i p  between Calc ium-Phosphorus
One o f  the  e a r l i e s t  r e p o r t s  i n  the  l i t e r a t u r e  c once rn ing  
c a lc iu m  and phosphorus  i n  swine n u t r i t i o n  was t h a t  o f  Alway and
Hadlock  (1 910) .  These a u t h o r s  s t a t e d  t h a t  an i n c r e a s e  i n  s t r e n g t h
o f  p ig  bones  was n o t  accompanied by any d i s t i n c t  I n c r e a s e  i n  l e n g th ,  
c i r c u m f e r e n c e  or volume b u t  t h a t  the  p e r c e n ta g e  o f  m i n e r a l  m a t t e r ,  
a s h ,  s p e c i f i c  g r a v i t y  and w a l l  t h i c k n e s s  i n c r e a s e d  w i th  b re a k in g  
s t r e n g t h .
The im por tance  o f  the  p ro p e r  c a lc iu m  to  phosphorus  r a t i o  
was d e m o n s t ra t ed  by the  e a r l y  work o f  Forbes  (1914) ,  who concluded 
t h a t  a phosphorus  d e f i c i e n c y  was re n d e re d  more a c u t e  by add ing  
c a lc iu m  c a r b o n a te  to  d i e t s  low in  phosphorus .
A c l o s e  r e l a t i o n s h i p  between c a lc iu m  and phosphorus  i n ­
take  and c a lc iu m  r e t e n t i o n  was o bse rved  by Haag and Palmer (1927) .  
These w orkers  r e p o r t e d  70 to  80 p e r c e n t  r e t e n t i o n  by p ig s  on d i e t s
9c o n t a i n i n g  0 . 3 4  p e r c e n t  c a lc iu m  and 0 .6 5  p e r c e n t  phosphorus .  T h e i r  
d a t a  I n d i c a t e d  t h a t  t h i s  l e v e l  o f  ca lc ium  was below the  p o i n t  where 
maximum r e t e n t i o n  o c c u r r e d .  R e s u l t s  were q u i t e  v a r i a b l e  w i th  p hos ­
p h o ru s ,  and i t  was p o s t u l a t e d  t h a t  low r e t e n t i o n  was due to  the  low 
ca lc ium  c o n t e n t  o f  the  d i e t .
Bethke g_t a,l. (1932) emphasised the  im por tance  of  c a lc iu m -  
phosphorus  r a t i o s  in  r a t  d i e t s  f o r  optimum bone development .  I n ­
c r e a s i n g  the  c a lc ium -phosphorus  r a t i o  from 1 to  5 caused p r o g r e s s i v e  
d e c r e a s e s  in  g row th ,  bone a sh  and serum i n o r g a n i c  phosphorus .
Changing the  r a t i o  from 1 to  0 .25  d e p r e s s e d  growth and ash  c o n t e n t  
o f  femurs and serum ca lc ium  was d e p r e s s e d ,  whereas  serum i n o r g a n i c  
phosphorus  was i n c r e a s e d .  The most  f a v o r a b l e  r a t i o  was two p a r t s  
c a lc iu m  to  one p a r t  phosphorus .
Based on b r e a k in g  s t r e n g t h  o f  bones ,  Bethke e £  al.. (1933) 
r e p o r t e d  b e s t  r e s u l t s  w i th  p i g s  fed d i e t s  c o n t a i n i n g  a ca lc ium  
phosphorus  r a t i o  o f  1 o r  0 . 5 .  I h e i r  d a t a  i n d i c a t e d  t h a t  the  
phosphorus  l e v e l  o f  a r a t i o n  should  no t  be l e s s  than  0 .6  p e r c e n t  
f o r  good growth and bone fo r m a t io n  in  the  absence  o f  v i t a m i n  D. 
Breaking  s t r e n g t h  and a sh  c o n t e n t  o f  femurs in c r e a s e d  l i n e a r l y  
w i th  i n c r e a s i n g  inc rem en ts  o f  d i e t a r y  ca lc ium  and phosphorus  a t  
t h e s e  r a t i o s .
H a ld t  £ t  a l .  (1939) observed  t h a t  when l a r g e  amounts o f  
ca lc iuh t  and phosphorus  were added to  d i e t s ,  p r a c t i c a l l y  a l l  e x ce s s  
ca lc ium  was r e c o v e re d  from the f e c e s ,  whereas  phosphorus  in  the 
f e c e s  was c o n s i d e r a b l y  l e s s  than  the i n t a k e .  The k id n e y s  e x c r e t e d  
th e  ex ce s s  phosphorus  and l i t t l e  more th a n  normal amounts o f  ca lc ium.
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Knapp (1947) s t u d i e d  c a lc iu m  e x c r e t i o n  th rough  the  u r i n e  
in  human s u b j e c t s  from one to t w e n ty - f o u r  y e a r s  o f  age .  In  young 
c h i l d r e n ,  c a lc iu m  i n t a k e  had l i t t l e  i n f l u e n c e  on u r i n a r y  ca lc iu m ,  
whereas  i n  o l d e r  s u b j e c t s  a n  i n c r e a s e  i n  u r i n a r y  c a lc iu m  w i th  h i g h e r  
i n t a k e s  was more marked. U r in a ry  c a lc iu m  e x p re s sed  a s  a p e r c e n ta g e  
o f  the  ca lc iu m  i n t a k e  v a r i e d  i n v e r s e l y  w i th  the  i n t a k e  and was an 
e x p o n e n t i a l  f u n c t i o n  o f  the  l a t t e r .
Data p r e s e n t e d  by Vermeulen (1959) showed t h a t  r a t s  fed  
e x t r a  h ig h  c a lc iu m  l e v e l s  e x c r e t e d  g r e a t e r  amounts through the  
u r i n e .  F o rm at ion  of  c a lc iu m  p h o sp h a te  s t o n e s  was i n h i b i t e d  a t  h ig h  
l e v e l s  o f  c a lc ium ,  and a p rofound drop  in  u r i n e  phosphorus  was 
o b se rv ed .  A d d i t i o n  o f  phosphorus  to  h i g h - c a l c i u m  d i e t s  produced 
an  i n c r e a s e  in  u r i n e  p hospha te  and a d rop  i n  u r i n e  ca lc ium .
I n c r e a s e d  d i e t a r y  c a lc iu m  lowered blood and plasma c a l ­
cium-45 a c t i v i t y  in  swine and in c r e a s e d  s t a b l e  ca lc ium  r e t e n t i o n  
in  a s tu d y  conducted  by Berry  £ £  al.. (1 961) .  Supplem enta l  ca lc ium  
d e p r e s s e d  plasma and u r i n a r y  pho sp h o ru s -3 2 .  Both r e t e n t i o n  and 
f e c a l  e x c r e t i o n  o f  ca lc ium  were i n c r e a s e d  by i n c r e a s e d  ca lc ium  
i n t a k e ,  whereas  u r i n a r y  phosphorus  e x c r e t i o n  was d e c r e a s e d .  No 
m easu rab le  e f f e c t  was noted  on phosphorus  r e t a i n e d  or e x c r e t e d  in  
the  f e c e s  by added d i e t a r y  ca lc ium .
L i v in g s to n e  &1. (1962) fed s y n t h e t i c  d i e t s  c o n t a i n i n g  
fo u r  l e v e l s  each o f  c a lc iu m  and phosphorus  to young p i g s .  As 
l e v e l  o f  c a lc iu m  i n t a k e  i n c r e a s e d ,  t o t a l  c a lc iu m  and phosphorus  
r e t e n t i o n ,  b u t  n o t  p e r c e n ta g e  r e t e n t i o n ,  was improved. R e t e n t io n  
o f  c a lc iu m  was r e l a t e d  to  r a t e  of  g a i n ,  though feed i n t a k e ,  feed
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c o n v e r s i o n  and n i t r o g e n  r e t e n t i o n  were n o t  a f f e c t e d  by m i n e r a l  
l e v e l s .
M e ta b o l i c  and r a d i o - t r a c e r  s t u d i e s  were pe r form ed  d u r in g  
low and h ig h  phosphorus  i n t a k e s  o f  human s u b j e c t s  by Menczel ££  
a l . (1963) .  During h ig h  phosphorus  I n t a k e ,  u r i n e  phosphorus  i n ­
c re a s e d  m ark ed ly ,  whereas  f e c a l  phosphorus  and c a lc iu m  i n c r e a s e d  
i n  some and remained  unchanged in  o t h e r s .  T h e i r  r e s u l t s  i n d i c a t e d  
d e c r e a s e d  a b s o r p t i o n  o f  c a lc iu m  d u r in g  h ig h  phosphorus  I n t a k e s  
l e a d i n g  to  d e c r e a s e d  u r i n a r y  c a lc iu m .
C la rk  and Cordero  (1964) r e p o r t e d  t h a t  in  th e  a b sen ce  o f  
d i e t a r y  phosphorus  u r i n a r y  c a lc iu m  in  r a t s  was c o n s t a n t  r e g a r d l e s s  
o f  c a lc iu m  i n t a k e  and u n l e s s  phosphorus  i n t a k e  was h i g h ,  i n c r e a s i n g  
c a lc iu m  i n t a k e  d id  n o t  i n c r e a s e  ca lc ium  r e t e n t i o n .  On a c o n s t a n t  
a d e q u a te  c a lc iu m  d i e t ,  however ,  I n c r e a s i n g  d i e t a r y  phosphorus  i n ­
c r e a s e d  c a lc iu m  r e t e n t i o n .  When r a t s  were fed  c a l c i u m - f r e e  d i e t s ,  
u r i n a r y  phosphorus  acco u n ted  f o r  a s  much a s  75 p e r c e n t  o f  i n g e s t e d  
phosphorus .  Data i n d i c a t e d  t h a t  l e v e l  o f  phosphorus  i n  the  d i e t  
was a s  im p o r t a n t  a s  t h a t  o f  c a lc iu m  f o r  p rom ot ing  ca lc iu m  r e t e n t i o n .
The a b s o r p t i o n  o f  c a lc iu m  i n  man a s  judged  from c a lc iu m -  
47 d a t a  p r e s e n t e d  by Spencer  e £  4 I .  (1964) was h i g h e s t  d u r i n g  low 
f a l c i u m  i n t a k e s .  The av e rag e  p e r c e n t  a b s o r p t i o n  was 59 p e r c e n t  
on the  low c a lc iu m  d i e t  and 31 p e r c e n t  on the  h ig h  ca lc ium  d i e t .  
However,  in  a b s o l u t e  amounts of  c a lc iu m ,  a b s o r p t i o n  was g r e a t e r  
d u r i n g  the  h ig h  ca lc iu m  i n t a k e .
E f f i c i e n c y  o f  c a lc iu m  u t i l i z a t i o n  by r a t s  was i n v e s t i ­
g a t e d  by Hansard  e_t al.. (1951a) and Hansard  ej: aj .  (1 954) .  Normal
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r a t s  p la ce d  on low -ca lc ium  d i e t s  f o r  a s  l i t t l e  a s  two days were 
o b se rv ed  to  be much more e f f i c i e n t  i n  a b s o r b in g  c a lc iu m -4 5 .  True 
d i g e s t i b i l i t y  d e c r e a s e d  w i th  i n c r e a s e d  d i e t a r y  ca lc iu m .  These 
f i n d i n g s  were conf i rmed by Mras (1962) .  Hansard  no ted  an  i n c r e a s e  
i n  u r i n a r y  phosphorus  when the  i n t a k e  o f  c a lc iu m  was low and 
s u g g e s t e d  t h a t  when t h e r e  i s  i n s u f f i c i e n t  c a lc iu m  p r e s e n t  in  the  
blood fo r  bone c a l c i f i c a t i o n ,  a  p a r t  o f  the  e x c e s s  phosphorus  i s  
e x c r e t e d  th rough  the  u r i n e .  T o t a l  a b s o r p t i o n  and r e t e n t i o n  o f  
ca lc ium -45  were i n c r e a s e d  in  r a t s  w i th  low body s t o r e s ,  whereas  
p h o sphorus -32  was a b so rb ed  and s u b s e q u e n t ly  e x c r e t e d  in  the  u r i n e .
I n t e r r e l a t i o n s h i p  Between Calc ium and F a t
A r e l a t i o n s h i p  between c a lc iu m  and f a t  was shown i n  the  
work of  Givens (1 9 1 7 ) .  Th is  a u t h o r  r e p o r t e d  t h a t  poor  u t i l i z a t i o n  
o f  d i e t a r y  f a t s  or f a t t y  a c i d s  i n c r e a s e d  the  e x c r e t i o n  o f  ca lc ium .  
Bosworth e t  a l .  (1918) p o i n t e d  o u t  the  im por tance  o f  ca lc ium  in  the  
d i e t  o f  human i n f a n t s  due to the  e l i m i n a t i o n  of  c a lc iu m  soaps  when 
cows'  m i lk  was f e d  in  p l a c e  o f  b r e a s t  f e e d in g .  E l i m i n a t i o n  of 
c a lc iu m  soaps  i n  th e  s t o o l s  i n c r e a s e d  d i r e c t l y  in  p r o p o r t i o n  to 
th e  d e g re e  of s o l u b i l i t y  of d i e t  ca lc ium .
H o l t  £ £  a,!,. (1920) found the  b e s t  a b s o r p t i o n  o f  ca lc ium  
i n  young c h i l d r e n  o c c u r r e d  when f a t  in  the d i e t  exceeded 3 .0  grams 
p e r  k i l o g r a m  o f  body w e ig h t  and when a t  the  same time 0 .0 3  to  0 .05  
grams of c a lc iu m  ox id e  was consumed. The e x c r e t i o n  o f  c a lc iu m  in  
f e c e s  was n o t  r e l a t e d  to  e x c r e t i o n  o f  t o t a l  f a t ,  b u t  some r e l a t i o n ­
s h i p  e x i s t e d  to the  e x c r e t i o n  o f  f a t  a s  soap . Calcium l o s t  as
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soap in  normal  c h i l d r e n  Caking a mixed d i e t ,  however,  was an  i n ­
s i g n i f i c a n t  p a r t  o f  the  i n t a k e .
Boyd al,. (1932) s t a t e d  t h a t  l o s s  o f  c a lc iu m  through 
i n s o l u b l e  c a lc iu m  soap complexes depended upon o t h e r  f a c t o r s  in 
a d d i t i o n  to  the  amounts and n a t u r e  o f  c a lc iu m  compounds and f a t s  
i n  the  d i e t .  One such f a c t o r  d i s c u s s e d  was i n t e s t i n a l  a c i d i t y .
The a d d i t i o n  o f  f a t  to a d i e t  c o n t a i n i n g  ca lc ium  ion  a s  ca lc ium  
c h l o r i d e  i n c r e a s e d  i n t e s t i n a l  a c i d i t y  and i n c r e a s e d  a b s o r p t i o n  
o f  c a lc iu m  and phosphorus  thus  d e c r e a s i n g  the  l o s s  o f  soaps  i n  
the  f e c e s .  These a u t h o r s  r e p o r t e d  t h a t  young r a t s  c ap a b le  o f  
s t o r i n g  30 to  40 m i l l i g r a m s  o f  c a lc iu m  d a i l y  u t i l i z e d  25, 38 and 
90 p e r c e n t  o f  c a lc iu m  soaps  o f  s t e a r i c ,  p a l m i t i c  and o l e i c  a c i d s ,  
r e s p e c t i v e l y .  When c a lc iu m  i n t a k e  was lowered ,  g r e a t e r  u t i l i z a ­
t i o n  of c a lc iu m  s t e a r a t e  and c a lc iu m  p a l m i t a t e  o c c u r r e d .
Dry body w e ig h t  o f  r a t s  fed e x c e s s i v e  c a lc iu m  and phos ­
phorus  was r e p o r t e d  by H a ld i  al.. (1939) to  be lower than  t h a t  
o f  those  consuming normal  amounts o f  ca lc ium .  F a t  c o n t e n t  o f  the  
b o d ie s  was reduced  and acco u n ted  f o r  the  w e ig h t  d i f f e r e n c e .  The 
l a r g e  amount of  ca lc ium  and phosphorus  i n t e r f e r e d  to a s l i g h t  
e x t e n t  w i th  the  a b s o r p t i o n  o f  food m a t e r i a l  a s  shown by combust ion 
o f  f e c e s .
B a s s e t t  £ t  al. . (1939) r e p o r t e d  a r e d u c t i o n  in  ca lc ium  
i n t a k e  f a c i l i t a t e d  the  a b s o r p t i o n  o f  f a t t y  a c i d s .  I n c r e a s i n g  
l e v e l s  o f  d i e t a r y  f a t ,  i n c r e a s e d  c a lc iu m  l o s s  a t  the  expense  of 
s t o r e d  ca lc iu m .  I n g e s t i o n  o f  a l k a l i n e  p h o s p h a ta s e ,  a  c a lc iu m  s a l t  
o r  bo th  caused an  i n c r e a s e  i n  t o t a l  f e c a l  f a t .
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B e n e f i c i a l  e f f e c t s  o f  add ing  l a r d  to r a c h i t o g e n i c  d i e t s  
were observed  by Jones  (1940) .  Lard added a t  l e v e l s  o f  5 to  25 
p e r c e n t  o f  c h i c k  d i e t s  had d e f i n i t e  a n t i r a c h i t i c  p r o p e r t i e s  which 
were n o t  a s s o c i a t e d  w i th  th e  n o n - s a p o n i f i a b l e  f r a c t i o n .  Lard i n ­
c re a s e d  c a l c i f i c a t i o n  on d i e t s  c o n t a i n i n g  1.1 p e r c e n t  o r  0 .3 8  p e r ­
c e n t  c a lc iu m ,  b u t  the  e f f e c t  was l e s s  pronounced when the  d i e t  was 
low in  phosphorus .  O le i c  a c i d  i n c r e a s e d  c a l c i f i c a t i o n  a l s o ,  b u t
sodium o l e a t e  and c a lc iu m  soaps  showed no a n t i - r a c h i t i c  a c t i o n .
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French  (1942) found t h a t  the  u t i l i z a t i o n  o f  c a lc iu m  by 
r a t s  d e c r e a s e d  m o d e ra te ly  and c o n s i s t e n t l y  w i th  i n c r e a s e s  in  d i e t  
f a t  up to  28 p e r c e n t .  Rats  fed d i e t s  c o n t a i n i n g  45 p e r c e n t  f a t  
were c o n s i d e r a b l y  l e s s  e f f i c i e n t  i n  u t i l i z i n g  ca lc ium .  He r e p o r t e d  
t h a t  i n t e s t i n a l  a c i d i t y  was h i g h e s t  in  r a t s  fed 5 p e r c e n t  f a t  and 
t h a t  most  e f f i c i e n t  u t i l i z a t i o n  o c c u r r e d  on d i e t s  c o n t a i n i n g  one 
gram o f  f a t  to  each 63 m i l l i g r a m s  o f  ca lc ium .
C a l v e r l e y  and Kennedy (1949) s t u d i e d  v a r i o u s  so u rc e s  o f  
f a t  i n  r e l a t i o n  to  c a lc iu m  u t i l i z a t i o n .  These a u t h o r s  concluded 
t h a t  p o o r ly  abso rbed  f a t s ,  long c h a in  f a t s  and s a t u r a t e d  f a t t y  
a c i d s  i n c r e a s e d  f e c a l  c a lc iu m  p ro b ab ly  th rough fo r m a t io n  o f  
i n s o l u b l e  c a lc iu m  so ap s .  The more s o l u b l e  t r i g l y c e r i d e s  r e s u l t e d  
in  l e s s  ca lc ium  e x c r e t i o n .  E x c r e t i o n  of  c a lc iu m  and phosphorus  in  
u r i n e  was a f f e c t e d  i n d i r e c t l y  by the  p re s e n c e  o f  f a t .  When f e c a l  
c a lc iu m  i n c r e a s e d ,  t h e r e  was a d e c r e a s e  i n  u r i n a r y  ca lc ium  accom­
pa n ied  by a marked i n c r e a s e  in  u r i n a r y  phosphorus .  I n c l u s i o n  o f
5 p e r c e n t  f a t  i n  a normal  d i e t ,  w e l l  s u p p l i e d  w i th  ca lc ium  and 
phosphorus  i n  an  optimum r a t i o ,  d id  no t  a f f e c t  bone fo r m a t io n  in  
h e a l t h y  growing r a t s .
15
Cheng g_t &L> (1949) found a n  i n v e r s e  r e l a t i o n s h i p  between 
m e l t i n g  p o i n t  and d i g e s t i b i l i t y  o f  t r i g l y c e r i d i e s  w i th  r a t s .  C a l ­
cium and magnesium d id  n o t  s i g n i f i c a n t l y  I n f l u e n c e  the  d i g e s t i b i l i t y  
o f  low m e l t i n g  f a t ,  though they  d e c r e a s e d  markedly t h a t  o f  h i g h e r  
m e l t i n g  t r i g l y c e r i d e s  and h y d ro g en a ted  f a t s .  D i g e s t i o n  c o e f f i c i e n t s  
de te rm in ed  f o r  t r l n y r i s t i n  and t r i s t e a r i n  were 77 and 19 p e r c e n t ,  
r e s p e c t i v e l y .  The a d d i t i o n  o f  h i g h e r  l e v e l s  of  c a lc iu m  and magnesium 
d e c r e a s e d  the  d i g e s t i b i l i t y  o f  t r i s t e a r i n  to  11 p e r c e n t .  The e f f e c t  
was a  p r o g r e s s i v e  one ,  be ing  g r e a t e r  w i th  l a r g e r  p r o p o r t i o n s  of  
s a l t s  i n  t h e  d i e t s .
D ren ick  (1961) observed  in  human s u b j e c t s  t h a t  soap form­
ing  a g e n t s  such a s  ca lc ium  c h l o r i d e ,  aluminum h y d ro x id e  and magne­
sium s u l f a t e  i n c r e a s e d  f e c a l  f a t  ove r  c o n t r o l s .  He p o i n t e d  o u t ,  
however ,  t h a t  marked v a r i a t i o n  o c c u r re d  w i t h i n  t r e a t m e n t  in  r e g a r d  
to  f e c a l  f a t  e x c r e t i o n .
Fedde e t  a l . (1960) r e p o r t e d  t h a t  a p p a r e n t  a b s o r p t i o n  
c o e f f i c i e n t s  o f  f a t s  by c h i c k s  were s i m i l a r  f o r  e i t h e r  10 or  20 
p e r c e n t  . d i e t a r y  f a t  l e v e l s  and were h ig h  f o r  s a f f  lower o i l ,  corn  
o i l  and hog g r e a s e ,  and low f o r  t a l l o w .  A ppa ren t  a b s o r p t i o n  of  
t a l l o w  i n c r e a s e d  from 53 p e r c e n t  a t  one week of  age to  80 p e r c e n t  
a t  12 weeks o f  age  and was i n c r e a s e d  when 0 .5  p e r c e n t  o r  more of 
d i e t a r y  ox b i l e  was added.  D i g e s t i b i l i t y  o f  t a l l o w  was no t  
d e p en d en t  upon growth r a t e  or feed i n t a k e  and was d e c r e a s e d  by 
h ig h  c a lc iu m  and i n c r e a s e d  by lower c a lc iu m  i n t a k e s .  I t  was 
p o s t u l a t e d  t h a t  w i th  a d e c r e a s e  i n  the  i o n i s e d  ca lc ium  l e v e l  in  
the  g a s t r o i n t e s t i n a l  t r a c t ,  a d e c r e a s e  in  the  f o r m a t io n  of
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I n s o l u b l e  soaps  o c c u r r e d ,  and more o f  the  t a l l o w  cou ld  be 
u t i l i s e d .
t h e  i n c o r p o r a t i o n  o f  ca lc ium -45  and phosp h o ru s -3 2  in  
b r o i l e r  femurs  was s t u d i e d  by Bruggemann &£ a 1. (1 9 6 1 ) .  Four 
g roups  o f  c h i c k s  were fed  low and h ig h  l e v e l s  o f  c a lc iu m  w i th  
and w i t h o u t  8 p e r c e n t  t a l l o w .  T h e i r  d a t a  i n d i c a t e d  t h a t  i n ­
c o r p o r a t i o n  o f  c a lc iu m  and phosphorus  d im in i s h e d  i n  g roups  fed 
h ig h  c a lc iu m  and 8 p e r c e n t  t a l l o w .  I t  was s u g g e s t e d  t h a t  the  
m e tabo l i sm  o f  c a lc iu m  and phosphorus  on h ig h  ca lc iu m  r a t i o n s  
was n o t  on ly  d e p en d e n t  on the  fo r m a t io n  and e x c r e t i o n  of  ca lc ium  
soaps  b u t  t h a t  t h e r e  was a more s p e c i f i c  i n t e r r e l a t i o n s h i p  be tween 
f a t  and t h e s e  m i n e r a l s .  The h i g h e r  c a lc iu m  d i e t  d e c r e a s e d  
ca lc lum -45  c o n t e n t  in  the  bone by 20 p e r c e n t .  Ta l low  i n c r e a s e d  
th e  ca lc lum -45  c o n t e n t  by 18 p e r c e n t  on the  low -ca lc ium  d i e t  
and d e c r e a s e d  i t  by 50 p e r c e n t  on th e  h i g h - c a l c i u m  d i e t .
Yacowits  (1962) r e p o r t e d  a 100 p e r c e n t  i n c r e a s e  i n  f e c a l  
f a t  i n  human s u b j e c t s  by r a i s i n g  the  c a lc iu m  l e v e l  2 . 6  grams above 
normal d a i l y  I n t a k e .  Th is  a u t h o r  s t a t e d  t h a t  c a lc iu m  soaps  made 
up the  m ajo r  p o r t i o n  o f  th e  e x c e s s  f e c a l  f a t .
Recen t  s t u d i e s  o f  Combs and W al lace  (1962) w i th  p r a c ­
t i c a l  r a t i o n s  f o r  young p i g s  c o n t a i n i n g  3 p e r c e n t  l a r d  found no 
e f f e c t  on the  d i g e s t i b i l i t y  o f  e t h e r  e x t r a c t  by d o u b l in g  the  
ca lc iu m  i n t a k e  i n  one t r i a l ,  w h i l e  i n  a second t r i a l  d i g e s t i b i l i t y  
o f  e t h e r  e x t r a c t  was d e c r e a s e d  from 64 to  52 p e r c e n t .  Average  
d a l l y  g a i n  o f  p i g s  fed the  lower c a lc iu m  l e v e l  was s i g n i f i c a n t l y
h i g h e r  t h a n  f o r  those  fed the  h ig h  c a lc iu m  l e v e l  in  the  l a t t e r  
t r i a l .
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Lutwak £ t  a l ,  (1964) In  a  s e r i e s  o f  c a lc iu m - p h o sp h o ru s  
b a l a n c e s  w i th  c h i l d r e n ,  found l a r g e r  q u a n t i t i e s  o f  f e c a l  f a t  where 
h i g h  l e v e l s  o f  c a lc iu m  were fed .  I t  was s u g g e s t e d  t h a t  n e g a t i v e  
ca lc iu m  b a l a n c e  and s t e a t o r r h e a  may r e s u l t  when h ig h  l e v e l s  o f  
c a lc iu m  a r e  consumed. I t  was a l s o  s u g g e s t e d  t h a t  m a l a b s o r p t i o n  
o f  f a t  m igh t  be due to  an i n h i b i t i o n  o f  p a n c r e a t i c  l i p a s e  by h ig h  
c o n c e n t r a t i o n  o f  c a lc iu m  i o n s .
Most o f  the  d a t a  i n  the  l i t e r a t u r e  r e f e r s  t o  the  forma­
t i o n  o f  i n s o l u b l e  c a lc iu m  soap complexes where d i e t a r y  ca lc iu m  
and f a t  a r e  r e l a t i v e l y  h i g h .  However, in  an  e a r l y  r e p o r t  by 
K l ln k e  (1928) c a l c i u m - f a t t y  a c i d  soap complexes were found to 
form s o l u b l e  complexes  w i th  b i l e  s a l t s .  He found t h a t  e x c lu d i n g  
b i l e  from th e  i n t e s t i n e  o f  dogs g r e a t l y  i n c r e a s e d  f e c a l  ca lc iu m .  
Becnak (1931) c o n t i n u i n g  the  work o f  K l in k e ,  found t h a t  add ing  
sodium t a u r o c h o l a t e  to  d i e t s  h ig h  in  f a t  m a t e r i a l l y  i n c r e a s e d  
ca lc iu m  a b s o r p t i o n .  V e r s a r  (1936) s u g g e s t e d  t h a t  th rough  the  
h y d r o t r o p i c  a c t i o n  of b i l e ,  b i l e  a c i d s  complex w i th  c a lc iu m  and 
f a t t y  a c i d s ,  making them w a te r  s o l u b l e .
Kim and Ivy (1952) found t h a t  d i e t a r y  l e v e l s  o f  c e r t a i n  
s p e c i f i c  f a t t y  a c i d s  i n c r e a s e d  the  amount o f  f e c a l  p h o s p h o l i p i d s .  
Only t r a c e  amounts o f  p h o s p h o l i p i d s  were found i n  f e c e s  o f  r a t s  
fed  f a t - f r e e  d i e t s .  O l e i c  a c i d  was more p o t e n t  i n  p ro d u c in g  t h i s  
e f f e c t  th a n  p a l m i t i c  a c i d .  F r ee  f a t t y  a c i d s  o f  co rn  o i l  i n c r e a s e d  
th e  f e c a l  p h o s p h o l ip id  four teen  t imes  more than  an e q u i v a l e n t  amount 
of  c o r n  o i l .  Swel l  £ t  &1. (1956) r e p o r t e d  t h a t  o l e i c  a c i d  was 
se v e n ty  t im es  more e f f e c t i v e  i n  s t i m u l a t i n g  f o r m a t i o n  of  a f e c a l
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p h o s p h o l i p i d  th a n  e i t h e r  c o r n  o i l  or o l i v e  o i l .  A n a l y s i s  o f  t h i s  
l i p i d  r e v e a l e d  a  s a l t  c o n t a i n i n g  two atoms o f  c a lc iu m ,  one mole 
o f  HPO^ and two moles  o f  o l e i c  a c i d  which was r e a d i l y  d i s s o l v e d
by a c i d  b u t  n o t  c lea v e d  by b a se .
Calcium h a s  a l s o  been  i m p l i c a t e d  w i th  o t h e r  c l a s s e s  of
l i p i d s .  Serum c h o l e s t e r o l  l e v e l  was r ed u ced  i n  human s u b j e c t s  by
i n c r e a s e d  consum pt ion  o f  c a lc iu m  c a r b o n a te  (Y acow i tz ,  1962).  
l a c o n o  (1964) showed t h a t  on a  d i e t  d e f i c i e n t  i n  c a lc iu m ,  r a b b i t s  
e x h i b i t e d  e l e v a t e d  plasma c h o l e s t e r o l .
I n t e r r e l a t i o n s h i p  Between C a l c i u m .  P r o t e i n  and C a r b o h y d ra te s
Woodman £ £  a_l. (1937) found no e v id en c e  to  w a r r a n t  the  
c o n c l u s i o n  t h a t  m i n e r a l  m e tab o l i sm  was a f f e c t e d  by h i g h e r  l e v e l s  
o f  p r o t e i n .  On t h e  o t h e r  hand ,  McCance e £  (1942) showed t h a t  
in  h e a l t h y ,  a d u l t  human s u b j e c t s ,  I n c r e a s i n g  p r o t e i n  i n t a k e  i n c r e a s e d  
ca lc iu m  and magnesium a b s o r p t i o n .  Lehmann and P o l i a k  (1942)  observed  
t h a t  a lp h a -am in o  a c i d s  i n c r e a s e d  the  s o l u b i l i t y  o f  c a lc iu m  s a l t s  and 
proposed  t h a t  t h e i r  p r e s e n c e  a i d e d  in  m i n e r a l  a b s o r p t i o n .  F ran d sen  
e t  a l . (1934)  r e p o r t e d  c a lc iu m  u t i l i s a t i o n  and bone m i n e r a l i z a t i o n  
were g r e a t l y  r ed u ced  i n  r a t s  fed  low p r o t e i n  o r  low q u a l i t y  p r o t e i n  
r a t i o n s .
Wasserman e £  a l . (1956) found L - l y s i n e  and L - a r g i n i n e  
most p o t e n t  o f  e i g h t e e n  amino a c i d s  i n  promot ing  m i n e r a l  a b s o r p t i o n .  
Calcium-45 was a p p r o x im a te ly  d oub led  in  r a t  femurs  by add ing  th e se  
two a c i d s .  F u r t h e r  work by Wasserman £ t  a l . (1957) conf i rmed  t h e s e  
f i n d i n g s - a n d  showed t h a t  b o th  L - l y s i n e  and l a c t o s e  i n c r e a s e d  c a l ­
cium-45 a b s o r p t i o n  i n  the  normal r a t  and th e  combined e f f e c t s  of
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the  two were a d d i t i v e .  I n  c o n t r a s t  to  the  r a t ,  L - l y s i n e ,  L - a r g i n i n e  
and skim m i lk  powder d id  n o t  i n c r e a s e  ca lc ium -45  a b s o r p t i o n  i n  th e  
r a c h i t i c  c h i c k .  Davis  (1959) concluded  t h a t  i n c r e a s e d  l e v e l  o f  
p r o t e i n  i n  human d i e t s  f a v o r a b l y  i n f l u e n c e d  ca lc iu m  u t i l i z a t i o n .
K l in e  £ £  aj. . (1932) r e p o r t e d  l a c t o s e  to  have a f a v o r a b l e  
e f f e c t  on c a lc iu m  a b s o r p t i o n  and s k e l e t o n  b u i l d i n g  in  c h i c k s  fed 
a r a c h i t i c  r a t i o n .  These w orkers  p o s t u l a t e d  t h a t  the  a c i d  e f f e c t  
produced  i n  the  i n t e s t i n e  by l a c t o s e  was r e s p o n s i b l e  f o r  improved 
c a lc iu m  u t i l i s a t i o n .  N e i t h e r  m a l to s e  nor c i t r a t e  were o f  v a l u e  
i n  a i d i n g  c a lc iu m  a b s o r p t i o n  or  i n c r e a s i n g  i n t e s t i n a l  a c i d i t y .
Recen t  work o f  C har ley  and Sa l tm an  (1963) h a s  s t r e n g t h e n e d  t h e s e  
f i n d i n g s .  I n  e x p e r im e n t s  w i th  r a t s  they p roposed  e v id en c e  f o r  
th e  c h e l a t i o n  o f  c a lc iu m  io n s  by s u g a r s .  L ac to se  and o t h e r  p o l y o l s  
p r e v e n te d  o r  d e lay e d  the  p r e c i p i t a t i o n  o f  c a lc iu m  ions  i n  the  
p r e s e n c e  o f  b i c a r b o n a t e  b u f f e r .  A charged  c a l c i u m - l a c t o s e  complex 
was d e m o n s t r a t ed  by e l e c t r o p h o r e s i s  and ca lc iu m -4 5 .  Greenwald 
e t  a l . (1963) p u b l i s h e d  somewhat c o n f l i c t i n g  d a t a .  They r e p o r t e d  
l a c t o s e  had l i t t l e  e f f e c t  on a b s o r p t i o n  and e x c r e t i o n  o f  ca lc ium  
i n  humans.  R a d i o i s o to p e  s t u d i e s  c a r r i e d  o u t  i n  a s i n g l e  p a t i e n t  
I n d i c a t e d  t h a t  a b s o r p t i o n  o f  ca lc ium -45  was only  s l i g h t l y  improved 
by l a c t o s e .
F e e d in g  h ig h  l e v e l s  o f  c a lc iu m  d e p r e s s e d  c a r b o h y d r a t e  
a b s o r p t i o n  s l i g h t l y  b u t  s i g n i f i c a n t l y  i n  a t e s t  w i th  e a r l y  weaned 
p i g s  conducted  by Lloyd £ £  al, . (1961) .
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I n t e r r e l a t l o n s h i p  o f  P r o t e i n  and F a t
Kenning ton  (1958) conc luded  t h a t  a d d in g  f a t  t o  swine
d i e t s  I n c r e a s e d  feed  e f f i c i e n c y  up to  44 p e r c e n t .  The a d d i t i o n  o f  
20 p e r c e n t  l a r d  i n c r e a s e d  b a c k - f a t  from 1.20 to  1.49 I n c h e s .  Two 
l e v e l s  o f  p r o t e i n ,  14 and 20 p e r c e n t ,  had no e f f e c t  on growth  r a t e ,  
feed  consumpt ion ,  fe ed  e f f i c i e n c y  o r  c a r c a s s  b a c k - f a t  and e x h i b i t e d  
no i n t e r a c t i o n  w i th  l e v e l  o f  added  f a t .  Noland and S c o t t  (1960) 
r e p o r t e d  t h a t  p i g  g a i n s  were d e p r e s s e d  from W a n i n g  to  75 pounds when 
fed  12  p e r c e n t  p r o t e i n  r a t i o n s  w i th  i n c r e a s i n g  amount o f  d i e t a r y  f a t .  
P ig s  fed  16 and 20 p e r c e n t  p r o t e i n  r a t i o n s  were lo n g e r  and had  a 
g r e a t e r  y i e l d  o f  p r i m a l  c u t s  t h a n  th o se  fed 12 p e r c e n t  p r o t e i n  
d i e t s .  I n c r e a s i n g  the  energy  l e v e l  i n  2 0  p e r c e n t  p r o t e i n  d i e t s  
p roduced f a s t e r  p i g  g a i n s .  The h i g h e s t  energy  l e v e l  produced  the  
f a t t e s t  c a r c a s s e s  a t  each p r o t e i n  l e v e l  t e s t e d .
E i g h t e e n  and 20 p e r c e n t  p r o t e i n  r a t i o n s  p roduced  f a s t e r  
g a i n s  i n  p i g s  a s  compared to  10  and 12 p e r c e n t  p r o t e i n  r a t i o n s  
(Pond § i .  , 1960).  Ten p e r c e n t  t a l l o w  I n c r e a s e d  r a t e  o f  g a i n  
w i th  h ig h  p r o t e i n  r a t i o n s  b u t  n o t  w i th  the  low p r o t e i n  r a t i o n s .
Feed consumpt ion  was d e c r e a s e d  by added f a t ,  b u t  t o t a l  d i g e s t i b l e  
n u t r i e n t  consumption  was i n c r e a s e d .  f t r o t e i n  and t o t a l  d i g e s t i b l e  
n u t r i e n t s  pe r  pound o f  g a i n  were r e d u c e d  by added f a t  a t  bo;:h 
p r o t e i n  l e v e l s .  Average b a c k - f a t  t h i c k n e s s  was s l i g h t l y  g r e a t e r  
i n  p i g s  fed h ig h  energy  r a t i o n s ,  i n d i c a t i n g  t h a t  i n c r e a s e d  r a t e  
o f  g a i n  may have  been  a r e f l e c t i o n  o f  i n c r e a s e d  f a t  d e p o s i t i o n .
Clawson e£  4 I .  (1962)  fed  y e l l o w  g r e a s e  to  s tu d y  the  
i n f l u e n c e  o f  e n e r g y - p r o t e i n  r a t i o  on pe r fo rm ance  and c a r c a s s
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c h a r a c t e r i s t i c s  o f  p i g s .  Feed consumption was i n f l u e n c e d  by 
bo th  the  r a t i o  and f a t  l e v e l  i n  th e  d i e t .  The r a t i o  o f  p r o t e i n  
to  c a l o r i e s  had no e f f e c t  on g a i n  to 2 0 0  pounds,  whereas  added 
f a t  r e s u l t e d  i n  improvement in  bo th  g a i n  and feed  c o n v e r s io n .  
Energy u t i l i z a t i o n  was n o t  i n f l u e n c e d  by e i t h e r  the  c a l o r i e -  
p r o t e i n  r a t i o  o r  by f a t  l e v e l .  No d i f f e r e n c e s  were found i n  
p h y s i c a l  c a r c a s s  measurements  due to  t r e a t m e n t .
Wagner g i  a l .  (1963) r e p o r t e d  t h a t  i n c r e a s i n g  p r o t e i n  
l e v e l  above 13 p e r c e n t  i n c r e a s e d  g a i n s  of  p i g s  and d e c r e a s e d  feed  
r e q u i r e d  p e r  pound o f  g a i n .  I n c r e a s i n g  p r o t e i n  l e v e l  d e c r e a s e d  
c a r c a s s  b a c k - f a t ,  y i e l d ,  i n t r a m u s c u l a r  f a t  and in c r e a s e d  l e a n  
c u t  y i e l d .  I n c r e a s i n g  the  d i e t a r y  energy  l e v e l  produced f a s t e r  
g a i n s  in  one e x p e r im e n t  b u t  n o t  in  the  second and i n c r e a s e d  feed  
e f f i c i e n c y  i n  b o th .  C a rca s s  b a c k - f a t  and d r e s s i n g  p e r c e n t a g e  were 
i n c r e a s e d  by added f a t ,  b u t  y i e l d  o f  l e an  c u t s  was re d u c ed .  There  
were no i n t e r a c t i o n s  be tween energy  and p r o t e i n  l e v e l s .
Data  p r e s e n t e d  by G ree ley  e t  a l .  (1964) showed t h a t  the
i n c l u s i o n  o f  4,  8 o r  12 p e r c e n t  t a l l o w  r e s u l t e d  in  i n c r e a s e d  p ig
g a i n s ,  d e c r e a s e d  feed  consumption  and d e c r e a s e  i n  feed  pe r  u n i t
g a i n .  D r e s s in g  p e r c e n t a g e  was i n c r e a s e d  on t a l l o w  d i e t s  and
b a c k - f a t  i n c r e a s e d  l i n e a r l y  w i th  in c rem en t  i n c r e a s e s  o f  t a l l o w .
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P e r c e n ta g e  o f  l e an  c u t s  was n o t  i n f l u e n c e d  by l e v e l  o f  t a l l o w .  
P r o t e i n  l e v e l s  o f  13, 14, 17 and 19 p e r c e n t  d id  n o t  a f f e c t  r a t e  
o f  g a i n ,  d i g e s t i b l e  energy  o r  c a r c a s s  c h a r a c t e r i s t i c s  a t  any l e v e l  
o f  t a l l o w .
22
A p p a re n t  d i g e s t i b i l i t y  o f  energy  and n i t r o g e n  r e t e n t i o n  
o f  p i g s  were n o t  a f f e c t e d  by 15 or  30 p e r c e n t  t a l l o w  in  e x p e r im e n t s  
conduc ted  by K u r y v ia l  and Bowland (1 962) .  N i t r o g e n  d i g e s t i b i l i t y  
was i n c r e a s e d  when s u p p le m e n ta l  f a t  was added to  r a t  d i e t s  b u t  
remained  unchanged when fed  to  p i g s .
A growth  and d i g e s t i o n  t r i a l  was conducted w i th  growing 
swine to  s tu d y  th e  e f f e c t  o f  add ing  10  p e r c e n t  t a l l o w  to  s t a n d a r d  
swine r a t i o n s  by Lowrey £ t  £^ .  (1 9 6 2 ) .  The a d d i t i o n  o f  t a l l o w  
r e s u l t e d  i n  s l i g h t  i n c r e a s e s  i n  g a i n s  o f  p i g s  fed  19 p e r c e n t  
p r o t e i n  d i e t s  and s l i g h t l y  d e c r e a s e d  g a i n s  on 13 p e r c e n t  p r o t e i n  
d i e t s .  A p p a ren t  d i g e s t i b i l i t y  o f  p r o t e i n  was n o t  a f f e c t e d  by 
the  a d d i t i o n  o f  t a l l o w  w h i l e  a p p a r e n t  d i g e s t i b i l i t i e s  o f  crude 
f i b e r  and e t h e r  e x t r a c t  were i n c r e a s e d .  P r o t e i n  had no e f f e c t  
on e t h e r  e x t r a c t  d i g e s t i b i l i t y .
G ree ley  £ t  £.1. (1964) r e p o r t e d  no d i f f e r e n c e s  i n  e f f e c t s  
o f  l a r d ,  t a l l o w  o r  c o r n  o i l  on a p p a r e n t  d i g e s t i b i l i t y  o f  p r o t e i n  
o r  d ry  m a t t e r .  Corn o i l  d e p r e s s e d  g a i n s  b u t  o t h e r  f a t s  d i d  no t .  
P r o t e i n  l e v e l s  o f  13, 15, 17 and 19 p e r c e n t  had no e f f e c t  on 
pe r fo rm ance  o f  l e v e l s  of  0 ,  4, 8  and 12 p e r c e n t  t a l l o w .  U t i l i z a ­
t i o n  o f  d i g e s t e d  p r o t e i n  was re d u c ed  i n  a l i n e a r  f a s h i o n  by i n ­
c r e a s e d  p r o t e i n  i n t a k e .  D i g e s t i b i l i t i e s  o f  e t h e r  e x t r a c t  and 
en e rg y  were i n c r e a s e d  w i th  I n c r e a s i n g  t a l l o w  c o n t e n t  o f  d i e t s ,  
w hereas  p r o t e i n  d i g e s t i b i l i t y  was unchanged.
EXPERIMENTAL PROCEDURE
E xper im en t  1. I n  the  f i r s t  phase  o f  t h i s  s tu d y  twelve 
w e an l in g  bar row  p i g s  were a l l o t t e d  t o  fo u r  pens  by outcome groups  
i n  a 2 x 2 f a c t o r i a l  d e s i g n .  F i f t e e n  and 18 p e r c e n t  p r o t e i n  
r a t i o n s  w i th  and w i t h o u t  10  p e r c e n t  t a l l o w  were fed ajl l i b i t u m . 
R a t io n s  and p ro x im a te  a n a l y s i s  a r e  shown i n  Tab le s  1 and 2,  
r e s p e c t i v e l y .  One p ig  from each t r e a t m e n t  was s e l e c t e d  on the  
b a s i s  o f  u n i f o r m i t y  f o r  c o n v e n t i o n a l  and r a d i o - c h e m i c a l  ca lc ium  
and phosphorus  b a l a n c e s .  Three s e p a r a t e  7-day b a l a n c e  s t u d i e s  
were conducted  i n  sequence ,  b e g in n in g  rfien the  p i g s  weighed 
a p p ro x im a te ly  75 pounds.  A f t e r  each b a l a n c e ,  the  p i g s  were 
r e t u r n e d  to  t h e i r  r e s p e c t i v e  pens  f o r  r e s t .  A l l  p ig s  were 
weighed and feed  consumpt ion  measured by l o t s  a t  two week i n t e r ­
v a l s  f o r  the  d u r a t i o n  o f  the  t r i a l .
The fo u r  p i g s  s e l e c t e d  f o r  r a d i o - i s o t o p e  s t u d i e s  were 
m a in ta in e d  i n  i n d i v i d u a l  m e tabo l i sm  c r a t e s  equipped f o r  s e p a r a t e  
c o l l e c t i o n  o f  f e c e s  and u r i n e  a s  d e s c r i b e d  by Hansard ej: a l . 
(1951c ) .  F o l low ing  a  3 to  4-day a d j u s t m e n t  p e r i o d ,  f e c a l  and 
u r i n e  e x c r e t i o n s  were weighed d a i l y  and r e p r e s e n t a t i v e  samples 
s t o r e d  under  r e f r i g e r a t i o n  f o r  a n a l y s i s  a t  a f u t u r e  d a t e .  Quan­
t i t a t i v e  c o l l e c t i o n  o f  f e c e s  was accom pl ished  by marking the 
feed  w i th  one p e r c e n t  chromic  oxide  a t  the  b e g in n in g  and end o f  
the  c o l l e c t i o n  p e r i o d s .  T r a c e r  l e v e l s  o f  ca lc ium -45  and
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p hosphorus-32  were a d m i n i s t e r e d  s im u l t a n e o u s ly  i n  o r a l  d o ses  i n  
the  f i r s t  and t h i r d  b a l a n c e s  and i n t r a v e n o u s l y  i n  the  second 
b a l a n c e ,  fo l l o w i n g  p r o c e d u r e s  o u t l i n e d  by Hansard  ££  a_l. (1951b) .
I n  each b a la n c e  t r i a l ,  the  p i g s  r e c e i v e d  e q u a l  d o ses  o f  r a d i o ­
i s o t o p e s .  Blood samples  were t a k en  by vena  cava p u n c tu r e  p r i o r  
to  d o s in g  and a t  I n t e r v a l s  t h e r e a f t e r .
A pprox im ate ly  20 grams o f  f e c e s  from d a i l y  samples were 
p la c e d  i n  c r u c i b l e s  and ashed  i n  a m u f f l e  fu r n a c e  a t  600 d e g re e s  
C e n t ig ra d e  f o r  24 h o u r s .  Ashed samples  were a l low ed  to  c o o l ,  
d i s s o l v e d  in  6  N h y d r o c h l o r i c  a c i d  and d i l u t e d  to  25 m i l l i l i t e r s  
w i th  t r i p l e - d i s t i l l e d  w a te r .  F ive  m i l l i l i t e r s  o f  u r i n e  from d a i l y  
samples  were composi ted  i n  c r u c i b l e s ,  e v ap o r a te d  to  d r y n e s s ,  a sh ed ,  
d i s s o l v e d  in  6  N h y d r o c h l o r i c  a c i d  and d i l u t e d  to  10 m i l l i l i t e r s  
w i th  t r i p l e - d i s t i l l e d  w a te r .  H e p a r in iz e d  blood samples  were 
c e n t r i f u g e d  f o r  30 m in u te s  i n  c a l i b r a t e d  c e n t r i f u g e  tu b e s .  Packed 
c e l l  volumes were d e te rm in e d  and plasma removed and s t o r e d  under  
r d f i r i g e r a t l o n .  T o t a l  ca lc ium  and phosphorus  were de te rm ined  by 
m o d i f i c a t i o n s  o f  the  p ro c e d u re s  o f  C la rk  and C o l l i p  (1925) and 
F i s k e  and Subbarow (1 9 2 5 ) ,  r e s p e c t i v e l y .
Radio -phosphorus  was measured a t  1,250 v o l t s  w i th  a 
N uc lea r  Chicago s c a l i n g  u n i t ,  model 161A, a t t a c h e d  to  a sodium 
Io d id e  s c i n t i l l a t i o n  d e t e c t o r ,  NC model DS-5, mounted in  a w e l l -  
type  lead  s h i e l d .  A s t a n d a r d  sample volume o f  4 m i l l i l i t e r s  in  
16 x 150 mm c u l t u r e  tubes  was used to  e q u a l i z e  geometry e f f e c t s .  
R efe rence  s t a n d a r d s  were measured p r i o r  to  co u n t in g  e x p e r i m e n t a l  
samples .
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Calcium-45 measurements  o f  f e c e s  and u r i n e  were made 
u s i n g  the  r e p r e c i p i t a t i o n  p ro c e d u re  o u t l i n e d  by Comar £ t  a l .  (1951) .  
Samples were r e p r e c i p i t a t e d  a f t e r  t o t a l  c a lc iu m  d e t e r m i n a t i o n s ,  
t r a n s f e r r e d  i n t o  4.75 cm^ m e ta l  p l a n c h e t s  and su rveyed  f o r  a c t i v i t y  
a t  1,000 v o l t s  w i th  a N uc lea r  Chicago s c a l i n g  u n i t ,  model 161A, 
a t t a c h e d  to  a  G e ig e r - M u l l e r  tube  mounted i n  a lead s h i e l d .  Plasma 
ca lc lum -45  was measured by p i p e t t i n g  one m i l l i l i t e r  o f  f r e s h  plasma 
i n t o  4 .75  cm^ m e ta l  p l a n c h e t s  and e v a p o r a t e d  t o  d r y n e s s  f o r  coun t in g  
a s  d e s c r i b e d  above.  S e l f  a b s o r p t i o n  c o r r e c t i o n s  fo r  ca lc ium -45  
and s e p a r a t i o n  o f  co n tam in an t  phosphorus-32  were accom plished  a s  
d e s c r i b e d  by Comar e,t a l .  (1951) .
Endogenous c a lc iu m  and phosphorus  were e s t i m a t e d  u s in g  
th e  com para t ive  b a l a n c e  p ro ced u re  d e s c r i b e d  by Hansard  (1956) a s  
f o 1 lows:
Endogenous .  ipp -  F e c a l  I s o t o p e  ( o r a l !  -  f ioo - i I
M in e ra l  7. 1 -  F e c a l  I s o t o p e  (IV) ^
"Feca l  i s o t o p e "  was c a l c u l a t e d  a s  the  cum ula t ive  t o t a l  
p e r c e n t  o f  th e  o r i g i n a l  dose  o c c u r r i n g  in  f e c e s  f o r  the e n t i r e  
b a l a n c e ;  c a l c u l a t i o n s  were a s  fo l l o w s :
T o t a l  p e r c e n t  dose = Counts  pe r  minute  pe r  sample x 100
Counts  pe r  minute  o f  r e f e r e n c e  
sample
True d i g e s t i b i l i t y  was e s t i m a t e d  then  by the  f o l l o w i n g  fo rmula :
True D i g e s t i b i -  _ Mineral ("Fecal Endogenous 
l i t y  7,  ~ Intake ~ 1-Mineral ~ Mineral J X
M in e ra l  I n t a k e
D i g e s t i b l e  and m e t a b o l i z a b l e  ene rgy  were de te rm ined  by 
m easu r ing  g r o s s  energy  of  samples t a k e n  from com pos i tes  o f  f e e d ,  
f e c e s  and u r i n e  c o l l e c t e d  d u r in g  the  l a s t  3 days  o f  each  b a l a n c e .
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Weighed samples  o f  d ry  f e c e s  and feed were burned i n  a P a r r  oxygen 
bomb c a l o r i m e t e r  employing c o n v e n t i o n a l  p r o c e d u r e s .  F ive  m i l l i ­
l i t e r s  o f  u r i n e  were added to  a  s m a l l  p ie c e  o f  pu re  a b s o r b e n t  
c o t t o n  in  a  com bust ion  cup and d r i e d .  Gross  energy  of  th e  c o t t o n  
was d e te rm in e d  and u r i n e  energy  c a l c u l a t e d  a s  the  i n c r e a s e  in  
energy  v a l u e s  above th e  known v a l u e  f o r  the  c o t t o n .  U r ine  s p e c i f i c  
g r a v i t y  was de te rm in ed  in  o r d e r  to  c a l c u l a t e  t o t a l  energy  l o s s  i n  
u r i n e .  F ive  m i l l i l i t e r s  o f  a c c u r a t e l y  p i p e t t e d  u r i n e  were c a r e ­
f u l l y  weighed to  the  f o u r t h  d ec im a l  and c a l c u l a t i o n s  made assuming 
p u re  w a te r  to  weigh 1 . 0 0 0 0  gram pe r  m i l l i l i t e r .
Data were a n a ly z e d  by a n a l y s i s  o f  v a r i a n c e  a c c o r d i n g  to  
Snedecor  (1 956) .
Exper im en t  2 . I n  the  second phase  o f  t h i s  s tu d y  64 
w ean l in g  p i g s  were a l l o t t e d  by outcome g roups  in  a r e p l i c a t e d  
2 x 4  f a c t o r i a l  d e s i g n  com pr is ing  16 pens o f  2 ba r rows  and 2 g i l t s  
e ach .  R a t io n s  were fed ad* l i b i t u m  and were c a l c u l a t e d  to c o n t a i n  
0 . 2 ,  0 . 4 ,  0 . 6  and 0 . 8  p e r c e n t  c a lc iu m  and a  c o n s t a n t  l e v e l  o f  0 .4 5  
p e r c e n t  phosphorus .  Each l e v e l  o f  c a lc iu m  was fed w i th  and w i t h o u t  
10 p e r c e n t  added t a l l o w .  The p i g s  were sw i tched  from 16 p e r c e n t  
p r o t e i n  r a t i o n s  to  13 p e r c e n t  p r o t e i n  r a t i o n s  when they re a ch e d  
an  a v e r ag e  w e ig h t  o f  125 pounds.  R a t io n s  a r e  shown i n  t a b l e s  I I I  
and IV and the  p ro x im a te  a n a l y s i s  a r e  t a b u l a t e d  in  t a b l e  V. Pigs  
were weighed and feed  consumpt ion  measured a t  weekly i n t e r v a l s .
Each group o f  p i g s  was fed  to  a p p ro x im a te ly  190 pounds .  Two 
r e p r e s e n t a t i v e  an im a ls  from each pen,  a s  judged by f i n a l  w e ig h t ,  
g a i n  and g e n e r a l  ap p ea ra n ce  were s a c r i f i c e d  a t  the  w e ig h t  d e s i g n a t e d
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f o r  bone s t u d i e s .  Femurs were removed from bo th  hams, c l e a n e d  
and s t o r e d  a t  z e r o  d e g r e e s  F a h r e n h e i t  f o r  p r o c e s s i n g .
Breaking  s t r e n g t h  o f  femurs  was d e te r m in e d  w i th  a 
T in u s - O l s e n  t im ber  t e s t i n g  i n s t r u m e n t  in  the  L o u i s i a n a  S t a t e  
U n i v e r s i t y  Depar tment  o f  F o r e s t r y .  'Die f l a t  p l a n e  o f  the  
a n t e r i o r  s u r f a c e  o f  the  femurs was ex tended  by sawing o f f  the  
p r o t r u d i n g  p o r t i o n  o f  the  femur head  a t  the  p ro x im a l  e p i p h y s i s  
and p o r t i o n s  o f  the  l a t e r a l  and m ed ia l  condy les  a t  the  d i s t a l  
e p i p h y s i s .  T h i s  en ab led  the  femurs to  be h e l d  i n  a f i x e d  
p o s i t i o n  w i th  a minimum o f  movement when p r e s s u r e  was a p p l i e d  
to  the  c e n t e r  o f  the  bone.  S p e c i f i c  g r a v i t y  o f  a l l  femurs was 
p r e v i o u s l y  d e te rm in e d  by the  method d e s c r i b e d  by Whiteman e £  a l . 
(1953) .  Femurs were weighed i n  a i r  and th e n  weighed immersed in  
w a te r .  C a l c u l a t i o n s  were made a s  fo l l o w s :
S p e c i f i c  G r a v i t y  = (A i r  Weigh0  “ ^ a t e r  Wci^h't)
Fo l lo w in g  s p e c i f i c  g r a v i t y  d e t e r m i n a t i o n s ,  the  femurs 
were c r o s s  s e c t i o n e d  and d u p l i c a t e  samples  o f  the  c e n t e r  s h a f t  
were used fo r  m o i s t u r e ,  e t h e r  e x t r a c t ,  and ash  a n a l y s i s  a c c o r d i n g  
to c o n v e n t i o n a l  methods o f  the  A s s o c i a t i o n  o f  O f f i c i a l  A g r i c u l t u r a l  
Chemis ts  (1 9 5 0 ) .  Calcium and phosphorus  d e t e r m i n a t i o n s  were made 
a s  d e s c r i b e d  i n  Exper im ent  1. P e r c e n t  e t h e r  e x t r a c t  was e x p re s sed  
on a  d ry  w e ig h t  b a s i s  and p e r c e n t a g e s  o f  a s h ,  c a lc iu m  and phos ­
phorus  were e x p re s s ed  on a f a t - f r e e ,  dry  w e ig h t  b a s i s .
D re s s in g  p e r c e n t a g e  was c a l c u l a t e d  on p i g s  a t  s a c r i f i c e ,  
u s in g  the  c h i l l e d  c a r c a s s  w e ig h t  and l i v e  an im a l  w e ig h t  o f f
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e x p e r im e n t .  Blood samples  were t a k e n  a t  s a c r i f i c e  and a n a ly z e d  
f o r  c a lc iu m  and phosphorus .
S t a t i s t i c a l  a n a l y s i s  and o r t h o g o n a l  compar isons  f o r  
l i n e a r ,  q u a d r a t i c  and c u b ic  components were c a l c u l a t e d  a c c o r d in g  
to  S nedecor  (1956) .
One p i g  i n  each t r e a t m e n t  was dosed w i th  an  I n t r a ­
venous  t r a c e r  l e v e l  o f  ca lc ium -45  a t  the  b e g in n in g  and end o f  
the  e x p e r im e n t .  The a n im a l s  were s a c r i f i c e d  when they rea ch e d  
a p p ro x im a te ly  200 pounds and bo th  femurs removed. A u t o r a d i o ­
g ra p h s  o f  femurs  were p r e p a r e d  by sawing the  bones w i th  a m e ta l
bandsaw i n t o  t h i n  l o n g i t u d i n a l  s e c t i o n s  and p l a c i n g  them in  
c o n t a c t  w i th  unexposed X-ray  f i l m  f o r  14 d a y s .  T o t a l  c a lc iu m ,  
p hosphorus  and r a d i o - c a l c i u m  were d e te rm in e d  f o r  e p i p h y s i a l  
and s h a f t  sam ples .  R ad io -ca lc iu m  was e x p r e s s e d  both  a s  t o t a l  
p e r c e n t  a d m i n i s t e r e d  dose  pe r  gram f r e s h  w e ig h t  and a s  r e l a t i v e  
s p e c i f i c  a c t i v i t y .  These  c a l c u l a t i o n s  were accom pl i shed  a s  
fo l l o w s :
T o t a l  P e r c e n t  _ Counts  pe r  Minute  pe r  Gram_______________  x ^qo
Dose ” Counts pe r  Minute  o f  R efe rence  S tanda rd
R e l a t i v e  S p e c i f i c  _ T o t a l  P e r c e n t  Dose pe r  Gram 
A c t i v i t y  ~ M i l l i g r a m s  Calcium p e r  Gram
Exper im en t  3 . The t h i r d  phase  o f  t h i s  s tudy  was p lanned 
to  measure  the  e f f e c t s  o f  v a r y i n g  the  e n e r g y - c a l c i u m  l e v e l s  on 
r a t i o n  d i g e s t i b i l i t y .  S i x t e e n  w ean l ing  barrow p i g s  were a l l o t t e d  
by outcome g roups  to  4 pens i n  a 2 x 2 f a c t o r i a l  d e s i g n .  R a t ion  
numbers 1, 4,  5 and 8  o f  e x p e r im e n t  2 which a r e  shown in  t a b l e  I I I  
were fed  ad l i b i t u m . Proximate  a n a l y s i s  of  t h e se  r a t i o n s  a r e  shown
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in  t a b l e  V. P rocedu re s  were i n  g e n e r a l  the  same as  i n  Exper im ent  1
w i th  th e  fo l l o w i n g  e x c e p t i o n s .  P ig s  s e l e c t e d  f o r  b a l a n c e  s t u d i e s
were dosed w i th  t r a c e r  l e v e l s  o f  ca lc ium-45  i n  the  p e r i t o n e a l  c a v i t y
in  a  sodium c i t r a t e  b u f f e r .  Plasma ca lc ium -45  was measured by
a d d in g  8  to  10 m i l l i g r a m s  o f  c a r r i e r  c a lc iu m  a f t e r  t o t a l  c a lc iu m
d e t e r m i n a t i o n s  and r e p r e c i p i t a t i n g  f o r  c o u n t in g  a s  w i th  f e c e s  and
u r i n e .  F e c a l  endogenous  c a lc iu m  was e s t i m a t e d  by the  i s o to p e
d i l u t i o n  p ro c e d u re  d e s c r i b e d  by Hansard  e £  a l ,  (1951b) i n  which the
fo l lo w in g  formula  was employed:
P e r c e n t  F e c a l  _ R e l a t i v e  S p e c i f i c  A c t i v i t y  o f  Plasma
Endogenous Calc ium R e l a t i v e  S p e c i f i c  A c t i v i t y  o f  Feces
where r e l a t i v e  s p e c i f i c  a c t i v i t y  was c a l c u l a t e d  a s  d e s c r i b e d  above.
C a l c u l a t i o n s  f o r  t r u e  d i g e s t i b i l i t y  were then  made u s in g  an  av e rag e
o f  the  4 v a l u e s  o f  endogenous  ca lc ium  o b t a i n e d  from the  fou r
ba l a n c e s .
Plasma ca lc ium -45  was measured th ro u g h o u t  each ba lan ce  
p e r io d  and e x p r e s s e d  a s  the  t o t a l  p e r c e n t  of  the  dose  a p p e a r in g  
in  the  plasma a s  a f u n c t i o n  o f  t im e. T o t a l  p e r c e n t  dose  of  plasma 
was c a l c u l a t e d  i n  a  s i m i l a r  manner a s  p r e v i o u s l y  d e s c r i b e d ,  w i th  
the  e x c e p t i o n  t h a t  t o t a l  plasma volume was n e c e s s a r y  f o r  d e te r m in in g  
t o t a l  a c t i v i t y .  The t o t a l  blood volume was c a l c u l a t e d  u s in g  body 
w e ig h t  and d a t a  r e p o r t e d  by Hansard  e t  &!.. (1953) .  T o t a l  plasma 
volume (TW) was t h e n  c a l c u l a t e d  u s i n g  th e  packed c e l l  volume 
da t a .
T o t a l  % Dose _ (T W H C o u n ts  p e r  Minute  pe r  M i l l i l i t e r )  x ^qq 
o f  Plasma Counts pe r  Minute o f  Refe rence  S tandard
A p p a ren t  d i g e s t i o n  c o e f f i c i e n t s  were de te rm ined  w i th  a l l  
p ig s  u s in g  a v a r i a t i o n  o f  the  i n d i c a t o r  method employed by Schurch
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£ £  Al« (1952) .  One p e r c e n t  chromic  ox ide  was I n c o r p o r a t e d  i n t o  
th e  r a t i o n s  Im m edia te ly  f o l l o w in g  th e  f i r s t  i s o t o p e  b a l a n c e .
A f t e r  a  7-day a d j u s t m e n t  p e r i o d ,  f e c a l  samples  were c o l l e c t e d  
from I n d i v i d u a l  p i g s  tw ice  d a i l y  f o r  t h r e e  c o n s e c u t i v e  days  and 
com pos i ted .  Chromic ox ide  i n  feed and f e c a l  samples  were d e t e r ­
mined by a  m o d i f i c a t i o n  of  th e  p ro c e d u re  d e s c r i b e d  by Schurch 
e t  a l . (1 952) .  Samples were d r i e d  and ground to  a f i n e n e s s  o f  
20 mesh and th o ro u g h ly  mixed.  A pprox im ate ly  one gram of  
a c c u r a t e l y  weighed sample was p la ce d  i n  1 0 0  m i l l i l i t e r  v o l u m e t r i c  
f l a s k .  Twenty m i l l i l i t e r s  o f  c o n c e n t r a t e d  n i t r i c  a c i d  were added 
and samples  a l low ed  to  d i g e s t  a t  room te m p e ra tu re  over  n i g h t .
Samples were th e n  d i g e s t e d  on medium h e a t  o f  a n  e l e c t r i c  h o t  
p l a t e  u n t i l  the  c e n t e r  o f  the  f l a s k  became v i s i b l e .  The f l a s k  
was a l low ed  to  c o o l  and was t h e n  r i n s e d  down w i th  t r i p l e - d i s t i l l e d  
w a t e r .  F i f t e e n  m i l l i l i t e r s  o f  a d i g e s t i o n  m ix tu r e  composed of  
15 grams o f  sodium m olybda te ,  150 m i l l i l i t e r s  d i s t i l l e d  w a te r ,
150 m i l l i l i t e r s  o f  c o n c e n t r a t e d  s u l f u r i c  a c i d  and 200 m i l l i l i t e r s  
o f  70 p e r c e n t  p e r c h l o r i c  a c i d  were added a lo n g  w i th  a few b o i l i n g  
b e ad s .  D i g e s t i o n  was c o n t in u e d  on medium h e a t  u n t i l  the  c o lo r  
changed from g r e e n  to  r e d - o r a n g e  and the  s o l u t i o n  became p e r f e c t l y  
c l e a r .  The f l a s k  was th e n  coo led  by immersing i n  tap  w a te r .  
S o l u t i o n s  were d i l u t e d  to  volume and o p t i c a l  d e n s i t y  de te rm ined  a t  
390 m i l l i m i c r o n s  i n  a Bausch-Lomb S p e c t r o n i c - 2 0  c o l o r i m e t e r .  C a l ­
c u l a t i o n s  were made from a s t a n d a r d  cu rve  p re p a re d  in  a l i k e  
manner w i th  r e a g e n t  g rad e  chromic o x id e .
A n a l y s i s  f o r  dry  m a t t e r ,  p r o t e i n ,  e t h e r  e x t r a c t ,  f i b e r  
and a sh  were made by the  Feed and F e r t i l i z e r  L a b o ra to ry  of  L o u i s i a n a
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S t a t e  U n i v e r s i t y .  N i t r o g e n  f r e e  e x t r a c t  was c a l c u l a t e d  by 
d i f f e r e n c e .  A p p a ren t  d i g e s t i o n  c o e f f i c i e n t s  were c a l c u l a t e d  u s in g  
the  fo rm ula :
ADC = 100 -  100 x
% I n d i c a t o r  % N u t r i e n t
i n  Feed i n  F eces
  8 __
7. I n d i c a t o r  7. N u t r i e n t
in  F eces  i n  Feed
Calc ium soaps  were measured i n  f e c e s  a s  d e s c r i b e d  by 
Hopkins  ££  fll.* (1 9 5 5 ) .  Dry f e c a l  samples  were f i r s t  e x t r a c t e d  
w i th  p e t r o l e u m  e t h e r  and th e n  r e - e x t r a c t e d  w i th  p e t r o l e u m  e t h e r  
c o n t a i n i n g  15 p e r c e n t  a c e t i c  a c i d .  T h a t  f r a c t i o n  removed in  the 
second e x t r a c t i o n  was c o n s id e r e d  to  be ca lc iu m  so ap s .
A l l  p i g s  used i n  r a d i o - c h e m i c a l  s t u d i e s  were s a c r i f i c e d  
a t  a p p ro x im a te ly  200 pounds.  Femurs were removed from bo th  hams 
and a n a ly z e d  as  d e s c r i b e d  in  Exper im en t  2.
D r e s s in g  p e r c e n t a g e ,  c a r c a s s  b a c k f a t ,  and p e r c e n t  l e a n  
c u t s  were d e te rm in e d  a s  fo l l o w s :  D r e s s s i n g  p e r c e n t a g e  was c a l ­
c u l a t e d  on  the  b a s i s  o f  c h i l l e d  c a r c a s s  w e ig h t  and l i v e  an imal  
w e ig h t  o f f  e x p e r im e n t .  B ac k fa t  was d e te rm in e d  by a v e r a g i n g  t h r e e  
measurements  t aken  a t  t h e  l a s t  lumbar,  l a s t  t h o r a c i c  and f i r s t  
t h o r a c i c  v e r t e b r a e .  P e r c e n ta g e  o f  l e a n  c u t s  was c a l c u l a t e d  a s  
f o 1 lows:
P e r c e n t  _ Trimmed Hams. P i c n i c s .  B u t t s  and Loins  x i q q  
Lean Cuts  C h i l l e d  C a r ca s s  Weight -  Leaf F a t
Exper im en t  4 . The d e s i g n  and p ro c e d u re  o f  t h i s  f o u r t h  
phase  was e s s e n t i a l l y  t h e  same a s  t h a t  o f  Exper im en t  2,  e x c e p t  
t h a t  d i e t a r y  phosphorus  was v a r i e d  and c a lc iu m  l e v e l  was m a in ta in e d
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c o n s t a n t .  R a t io n s  a r e  shown In  t a b l e s  VI and V I I ,  and were c a l ­
c u l a t e d  to  c o n t a i n  0 .6 5  p e r c e n t  c a lc iu m  a t  0 . 3 5 ,  0 .45 ,  0 .5 5  and 
0 .65  p e r c e n t  phosphorus  w i th  and w i t h o u t  10 p e r c e n t  t a l l o w .  
Prox im ate  a n a l y s i s  o f  the  r a t i o n s  a r e  shown i n  t a b l e  V I I I .  No 
r a d i o - i s o t o p e s  were used  i n  t h i s  phase  o f  the  s tu d y .  The p i g s  
s e l e c t e d  f o r  s a c r i f i c e  were a n a ly z e d  f o r  c a r c a s s  m e r i t  a s  d e ­
s c r i b e d  i n  E xper im en t  3.
RESULTS
Exper im en t  1 . The w e ig h t  g a i n s  and feed  d a t a  f o r  th e  
f i r s t  p hase  o f  t h i s  s tu d y  a r e  shown i n  t a b l e  XX. Average d a i l y  
g a i n  fa v o re d  th o s e  p i g s  r e c e i v i n g  t a l l o w  and the  h i g h e r  p r o t e i n  
l e v e l ,  though d i f f e r e n c e s  were no t  s i g n i f i c a n t .  Feed i n t a k e  was 
e s s e n t i a l l y  the  same i n  a l l  l o t s .  Ta l low  and h ig h  p r o t e i n  
ap p ea red  to  improved feed  e f f i c i e n c y .
The r e s u l t s  o f  c a lc iu m -p h o sp h o ru s  and energy  b a la n c e  
t r i a l s  a r e  shown i n  t&bles  X th rough  XV. N e i t h e r  e x t r a  p r o t e i n  
nor added t a l l o w  had any c o n s i s t e n t  e f f e c t  on a b s o r p t i o n  a n d /o r  
r e t e n t i o n  o f  c a lc iu m .  There  was a  tendency f o r  g r e a t e r  u t i l i z a ­
t i o n  o f  c a lc iu m  a t  the  low energy  i n t a k e  l e v e l s , ' b u t  d i f f e r e n c e s  
were n o t  s i g n i f i c a n t .  Endogenous f e c a l  c a lc iu m  was s i g n i f i c a n t l y  
g r e a t e r  (P  < 0 .0 1 )  i n  p i g s  fed r a t i o n s  c o n t a i n i n g  10  p e r c e n t  
t a l l o w .
A s i g n i f i c a n t  i n t e r a c t i o n  (P  < 0 .0 1 )  o c c u r re d  between 
energy  and p r o t e i n  l e v e l  in  t h e i r  e f f e c t s  on t r u e  d i g e s t i b i l i t y  
o f  phosphorus .  A b s o r p t io n  of  phosphorus  was d e c r e a se d  s i g n i f i ­
c a n t l y  (P  < 0 .0 1 )  by t a l l o w ,  and the  e f f e c t  was t h r e e  t imes  g r e a t e r  
on th e  l o w - p r o t e i n  r a t i o n .
P e r c e n t  d i g e s t i b l e  energy  was n o t  a l t e r e d  by t r e a t m e n t .  
T o t a l  d i g e s t i b l e  c a l o r i e s ,  however ,  were s i g n i f i c a n t l y  g r e a t e r  
(P  < 0 .0 5 )  i n  r a t i o n s  c o n t a i n i n g  10 p e r c e n t  t a l l o w .  The
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d i g e s t i b i l i t y  o f  e t h e r  e x t r a c t  was improved by ad d in g  t a l l o w  to  
the  r a t i o n s .  If t i i le  i n  m e tab o l i sm  s t a l l s  those  p i g s  r e c e i v i n g  the  
h i g h - e n e r g y  f e e d s  consumed more feed  than  th o s e  on s t a n d a r d  d i e t s ,  
which i s  converse  to  p r e v i o u s  r e p o r t s .
T tea tm en t  had no c o n s i s t e n t  e f f e c t  on plasma i n o r g a n i c  
c a lc iu m  and phosphorus  l e v e l s .
Exper im ent  2 . A summary of the  e f f e c t s  o f  added  t a l l o w  
a t  the  fo u r  l e v e l s  of  c a lc iu m  i n t a k e  a r e  shown i n  t a b l e s  XVI, XVII 
and XVIII .  Feed i n t a k e  and a v e r a g e  d a l l y  g a i n  were In c r e a s e d  i n  
a l i n e a r  f a s h i o n  (F  < 0 .0 1 )  up to  0 . 6  p e r c e n t  c a lc iu m .  A d d i t i o n  
o f  t a l l o w  had no e f f e c t  on growth r a t e ,  b u t  d id  d e c r e a s e  feed 
i n t a k e  (P  < 0 . 0 5 ) .  D re s s in g  p e r c e n t a g e s  were n o t  s i g n i f i c a n t l y  
a l t e r e d  by the  t r e a t m e n t s  imposed.
Calcium and energy  i n t a k e  e f f e c t s  on femurs a r e  shown 
i n  Table  IX and XX. Femurs from p i g s  fed 0 . 2  p e r c e n t  ca lc ium  
c o n ta i n e d  s i g n i f i c a n t l y  more m o i s tu r e  (P  < 0 . 0 5 ) ,  and t h e r e  
a p p ea red  to  be a t r e n d  toward d e c r e a s e d  m o i s t u r e  i n  femurs w i th  
a d d i t i o n a l  i n c r e a s e s  i n  ca lc ium  i n t a k e .  P e r c e n t  e t h e r  e x t r a c t  
o f  bone e x h i b i t e d  a h i g h l y  s i g n i f i c a n t  n e g a t i v e  l i n e a r  r e l a t i o n ­
s h ip  (P  < 0 .0 1 )  w i th  d i e t a r y  ca lc ium .
Calcium, e x p r e s s e d  as  a p e r c e n ta g e  o f  f a t - f r e e ,  d ry  
bone,  i n c r e a s e d  w i th  l e v e l  o f  c a lc iu m  i n t a k e  up to  0 . 6  p e r c e n t  
(P  < 0 . 0 1 ) .  On the  same b a s i s ,  phosphorus  c o n t e n t  o f  femurs 
in c r e a s e d  w i th  each in c re m en t  i n c r e a s e  i n  ca lc ium  i n t a k e .  D i f ­
f e r e n c e s  between c a lc iu m  i n t a k e  l e v e l s  of 0 . 6  and 0 . 8  p e r c e n t  
were s l i g h t  b u t  s i g n i f i c a n t .
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S p e c i f i c  g r a v i t y  o f  femurs  i n d i c a t e d  maximum d e n s i t y  o f  
bone i n  p i g s  r e c e i v i n g  0 . 6  p e r c e n t  c a lc iu m  (P  < 0 . 0 1 ) ,  whereas  
b re a k in g  s t r e n g t h  was i n c r e a s e d  l i n e a r l y  (P  < 0 .0 1 )  w i th  i n c r e a s ­
ing l e v e l s  of d i e t a r y  ca lc iu m .  Ten p e r c e n t  t a l l o w  s i g n i f i c a n t l y  
d e c r e a s e d  b re a k in g  s t r e n g t h s  o f  femurs (P  < 0 . 0 5 ) .  E f f e c t s  on 
o t h e r  v a r i a b l e s  were s m a l l  o t h e r  than  p e r c e n ta g e  e t h e r  e x t r a c t ,
which was s l i g h t l y  h i g h e r  i n  femurs o f  p ig s  fed t a l l o w  r a t i o n s .
*
Bone d a t a  o b t a in e d  from femurs l a b e l e d  wi th ca lc ium-45 
a r e  p r e s e n t e d  i n  t a b l e s  XXI, XXII and XXIII .  S t a t i s t i c a l  a n a l y s i s  
was im p o s s ib le  due to l i m i t e d  numbers.  I t  i s  n o te d ,  however ,  t h a t  
p e r c e n t  dose  pe r  gram and r e l a t i v e  s p e c i f i c  a c t i v i t y  o f  e p i p h y s i a l  
and s h a f t  samples  d e c r e a s e d  a s  c a lc iu m  i n t a k e  i n c r e a s e d .  Radio­
ca lc iu m  c o n c e n t r a t i o n  was h i g h e s t  i n  femurs from p i g s  fed the  h ig h
t a l l o w  d i e t s ,  and d i f f e r e n c e s  due to t a l l o w  were maximum when
c a lc iu m  i n t a k e  was r e s t r i c t e d  and le s s e n ed  by in c r e a s e d  ca lc ium  
i n t a k e .  Plasma l e v e l s  o f  c a lc iu m  and phosphorus  a r e  p r e s e n t e d  
in  table 'XXIV. Plasma c a lc iu m  was s i g n i f i c a n t l y  d e c r e a s e d  (P  < 0 .0 1 )  
on 0 . 2  p e r c e n t  c a lc iu m  r a t i o n s .  Calcium i n t a k e  e f f e c t  on plasma 
in o r g a n i c  phosphorus  was v a r i a b l e  and n o n s i g n i f i c a n t .  Ta l low  
appea red  to  have  no e f f e c t  on th e se  f a c t o r s .
Exper im ent  3 . The e f f e c t  o f  h ig h  and low ca lc ium  and o f  
t a l l o w  i n t a k e  l e v e l s  on pe r fo rm ance  and c a r c a s s  c h a r a c t e r i s t i c s  a r e  
p r e s e n t e d  i n  t a b l e s  XXV and XXVI. Average d a i l y  g a i n  was improved 
by the  h i g h e r  c a lc iu m  i n t a k e  (P  < 0 .0 5 )  and c a r c a s s  back f a t  was
s i g n i f i c a n t l y  t h i c k e r  (P  < 0 .0 5 )  in  p i g s  fed t a l l o w .
R e s u l t s  o f  t r e a t m e n t  e f f e c t s  on bone a r e  shown in  t a b l e  
XXVII and XXVIII. Calc ium l e v e l  produced a h i g h l y  s i g n i f i c a n t
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e f f e c t  (P  < 0 .0 1 )  on m o i s tu r e  c o n t e n t  o f  femurs .  Bones from p i g s  
fed low c a lc iu m  d i e t s  c o n ta i n e d  over  30 p e r c e n t  more m o i s tu r e  than  
those  o f  c o n t r o l s .  C a l c i f i c a t i o n  and bone d e n s i t y  were s i g n i f i ­
c a n t l y  i n c r e a s e d  by the  h i g h e r  c a lc iu m  i n t a k e  l e v e l .  Ta l low  had no 
s i g n i f i c a n t  e f f e c t  on bone c o m p o s i t io n ,  though p e r c e n t  e t h e r  e x t r a c t  
o f  femurs- was s l i g h t l y  h i g h e r  f o r  p i g s  on t a l l o w  r a t i o n s .
T a b u la te d  r e s u l t s  o f  c a lc iu m  and phosphorus  b a lan c e  
s t u d i e s  a r e  g iv e n  in  t a b l e s  XXIX through XXXII. P igs  fed low 
c a lc iu m  d i e t s  abso rbed  and r e t a i n e d  a s i g n i f i c a n t l y  h i g h e r  p e r ­
c en ta g e  o f  c a lc iu m  (P  < 0 .0 1 )  and phosphorus  (P  < 0 . 0 5 ) .  Calcium 
e x c r e t e d  th rough  u r i n e  was s i g n i f i c a n t l y  i n c r e a s e d  (P  < 0 .0 5 )  a t  
the  h ig h  i n t a k e  l e v e l ,  whereas  u r i n e  phosphorus  was g r e a t e s t  
(P  < 0 .0 1 )  a t  the  low ca lc ium  i n t a k e  l e v e l .  Ta l low improved 
c a lc iu m  u t i l i z a t i o n  (P  < 0 . 0 5 ) ,  a s  measured by p e r c e n t  o f  ca lc ium  
i n t a k e  r e t a i n e d ,  a t  0 . 2  p e r c e n t  c a lc iu m ,  b u t  n o t  a t  0 . 8  p e r c e n t  
ca lc iu m .  R iosphorus  d i g e s t i b i l i t y  and r e t e n t i o n  was improved on 
t a l l o w  d i e t s  a t  bo th  l e v e l s  o f  c a lc iu m  i n t a k e  (P  < 0 . 0 5 ) .
D i g e s t i o n  c o e f f i c i e n t s  d e te rm in e d  under  f e e d - l o t  c o n d i ­
t i o n s  by the  i n d i r e c t  i n d i c a t o r  method a r e  g iv en  in  t a b l e s  XXXIII 
and XXXIV. I n  t h i s  s tudy  t r e a t m e n t s  had no e f f e c t  on d i g e s t i b i l i t y  
o f  d ry  m a t t e r ,  e n e r g y ,  p r o t e i n  or  n i t r o g e n  f r e e  e x t r a c t .  At 0 .2  
p e r c e n t  c a lc iu m  i n t a k e ,  c o e f f i c i e n t s  were g r e a t e r  f o r  c a lc ium ,  
t o t a l  d i g e s t i b l e  n u t r i e n t s  (P  < 0 . 0 5 ) ,  phosphorus  and e t h e r  
e x t r a c t  (P  < 0 . 0 1 ) .  A t  the  10 p e r c e n t  t a l l o w  l e v e l  phosphorus  
d i g e s t i b i l i t y  was d e c r e a se d  (P  < 0 . 0 5 ) ,  and d i g e s t i o n  c o e f f i c i e n t s  
were i n c r e a s e d  fo r  f i b e r  (P  < 0 . 0 5 ) ,  f a t  and t o t a l  d i g e s t i b l e  
n u t r i e n t s  (P  < 0 . 0 1 ) .
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Calcium soaps  in  f e c a l  samples  shown i n  t a b l e  XXXV were 
h i g h e s t  from p i g s  fed the  h i g h - c a  lc ium,  h i g h - t a l l o w  d i e t s ,  b u t  
d i f f e r e n c e s  between c a lc iu m  l e v e l s  only  app roached  s i g n i f i c a n c e  
(P  > 0 . 0 5 ) .
F i g u r e s  1 th rough  4 i l l u s t r a t e  the  e f f e c t s  o f  ca lc ium  
l e v e l  and t a l l o w  l e v e l  on ca lc ium -45  d i s a p p e a r a n c e  from plasma 
and s u b s e q u e n t  a p p ea ra n ce  in  f e c e s .  The h ig h  c a lc iu m  i n t a k e  d e ­
c re a s e d  plasma ca lc ium -45  a c t i v i t y  and i n c r e a s e d  f e c a l  ca lc ium -45  
c o n c e n t r a t i o n  i n  f e c e s .  Peak c o n c e n t r a t i o n s  o f  ca lc ium -45  in  
f e c e s  were o bse rved  a t  a p p ro x im a te ly  72 h o u r s  a f t e r  d o s in g .
Ta l low  had much the  same e f f e c t  on plasma and f e c a l  
ca lc ium -45  a c t i v i t y  a s  d id  c a lc iu m  i n t a k e  l e v e l s  where the  r a t i o n  
c o n ta i n e d  0 . 2  p e r c e n t  c a lc iu m .  T h i s  e f f e c t  was n o t  e v i d e n t  i n  
the  p ig  fed 0 . 8  p e r c e n t  c a lc ium .
Plasma c a lc iu m  was s i g n i f i c a n t l y  lower (P  < 0 .0 1 )  i n  
p i g s  r e c e i v i n g  the  low -ca lc ium  l e v e l ,  w h i le  i n o r g a n i c  phosphorus  
remained  unchanged.
Exper im en t  4 . R e s u l t s  o f  phosphorus  and t a l l o w  l e v e l s  
on f e e d - l o t  pe r form ance  and c a r c a s s  c h a r a c t e r i s t i c s  i n  swine a r e  
p r e s e n t e d  in  t a b l e s  XXXVII, XXXVIII and XXXIX. D i f f e r e n c e s  due 
to  l e v e l  o f  phosphorus  i n t a k e  were n o t  s i g n i f i c a n t .  Ten p e r c e n t  
t a l l o w  s i g n i f i c a n t l y  d e c r e a s e d  feed i n t a k e  (P  < 0 .0 5 )  and feed 
r e q u i r e d  pe r  pound o f  g a i n  (P  < 0 . 0 1 ) .  B a c k - f a t  t h i c k n e s s  was
in c r e a s e d  s i g n i f i c a n t l y  (P  < 0 . 0 1 ) ,  and p e r c e n t a g e  lean  c u t s  was 
s i g n i f i c a n t l y  d e c r e a s e d  (P  < 0 .0 1 )  in  p ig s  fed the  10 p e r c e n t  
t a l l o w  r a t i o n s .
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The d a t a  i n  t a b l e s  XL and XLI show the  e f f e c t s  o f  phos ­
p ho rus  and t a l l o w  l e v e l  on femur co m p o s i t io n  and d e n s i t y .  P e r c e n t  
m o i s t u r e  was s i g n i f i c a n t l y  h i g h e r  (P  < 0 .0 5 )  in  femurs  from p ig s  
fed 0 .3 5  p e r c e n t  p h o sphorus .  In c re m e n ts  o f  phosphorus  beyond 0 .3 5  
p e r c e n t  o f  the  d i e t  had no e f f e c t  on m o i s t u r e .  P e r c e n t  a sh ,  p e r ­
c e n t  c a lc iu m  and p e r c e n t  phosphorus  in c r e a s e d  in  a h i g h l y  s i g n i f i ­
c a n t  l i n e a r  f a s h i o n  (P  < 0 .0 1 )  w i th  in c rem en t  i n c r e a s e s  o f  d i e t a r y  
ph o sphorus .  D e n s i ty  o f  femurs  was g r e a t e s t  a t  a  d i e t a r y  phosphorus  
l e v e l  o f  0 .45  p e r c e n t  (P  < 0 .0 1 )  a s  i n d i c a t e d  by s p e c i f i c  g r a v i t y  
and b r e a k in g  s t r e n g t h .
Plasma i n o r g a n i c  phosphorus  v a l u e s ,  p r e s e n t e d  in  t a b l e  
XLII,  were h i g h e s t  (P  < 0 .0 5 )  in  p i g s  r e c e i v i n g  0 .35  p e r c e n t  phos ­
p h o ru s .  D i f f e r e n c e s  a t  o t h e r  phosphorus  i n t a k e  l e v e l s  and those  
due to  added t a l l o w  were sm a l l  and n o t  s i g n i f i c a n t .  Plasma c a lc iu m  
was rem ark ab ly  c o n s t a n t  a t  a l l  l e v e l s  o f  phosphorus  i n t a k e .
DISCUSSION
Calcium and Phosphorus Requirements
F e e d - l o t  s t u d i e s . On the  b a s i s  of  av erage  d a i l y  g a i n s ,  
0 . 2  p e r c e n t  ca lc ium  was sub-optimum in  th e se  t r i a l s  and 0 . 4  p e r ­
c e n t  ca lc ium  appeared  to be b o r d e r l i n e  f o r  growing swine.  Feed 
e f f i c i e n c y  was no t  a f f e c t e d  by ca lc ium  i n t a k e  s in c e  feed con­
sumption and g a i n  d e c rea sed  c o n s i s t e n t l y  w i th  dec rea sed  calc ium 
in t a k e .  The observed  d e c rea se d  feed in ta k e  may have accounted  
in  p a r t  f o r  the  s lower  g a in s .  Though d i f f e r e n c e s  were not s i g n i ­
f i c a n t ,  p ig s  on 0 .35  p e r c e n t  phosphorus  r a t i o n s  d id  not g a in  as  
f a s t  a s  p ig s  r e c e i v i n g  the h i g h e r  phosphorus  l e v e l s ,  and g a in s  
were no t  improved by phosphorus  l e v e l s  above 0 .45  p e r c e n t  o f  the 
r a t i o n s .  Optimum l e v e l s  o f  ca lc ium  and phosphorus  fo r  growth 
appeared  to  be 0 . 6  p e r c e n t  ca lc ium  and 0 .45  p e r c e n t  phosphorus .  
Maximum performance was o b ta in e d  by t h i s  combina t ion  in  both 
f e e d - l o t  t r i a l s .  These v a l u e s  a r e  in  c lo se  accord  w i th  those 
r e p o r t e d  by Chapman e_t a_l. (1955) and M i l l e r  e t  al,. (1960) and 
somewhat lower than  re q u i r e m e n ts  r e p o r t e d  by Chapman gt, al,. 
(1962) .  The a d d i t i o n  o f  10 p e r c e n t  t a l l o w  d id  not in c r e a s e  
the  ca lc ium and phosphorus  r e q u i r e m e n ts  f o r  growth a t  the l e v e l s  
of  ca lc ium  and phosphorus  fed under th e se  c o n d i t i o n s .
Bone s t u d i e s . C a l c i f i c a t i o n  of  femurs a s  i n d i c a t e d  by 
p e r c e n t  a sh ,  p e r c e n t  ca lc ium ,  p e r c e n t  phosphorus  and s p e c i f i c
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g r a v i t y  was maximum a t  0 .6  p e r c e n t  d i e t a r y  ca lc ium .  Breaking 
s t r e n g t h  o f  f em urs ,  however,  i n d i c a t e d  s t r u c t u r a l  improvement a t  
0 . 8  p e r c e n t  ca lc ium .  Ta l low  appea red  to  a l t e r  bone s t r u c t u r e  in  
some f a s h i o n  a s  b reak i i tg  s t r e n g t h  was d e c r e a se d  i n  femurs taken  
from p ig s  fed  t a l l o w .  The deg ree  o f  s t r u c t u r a l  change was 
s l i g h t  and i n s i g n i f i c a n t  in  r e l a t i o n  to  the e f f e c t  o f  ca lc ium  
i n t a k e  l e v e l  on b re a k in g  s t r e n g t h .
Calcium-45 c o n c e n t r a t i o n  was h i g h e s t  i n  femurs o f  p i g s
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fed 0 . 2  p e r c e n t  c a lc iu m  and 10 p e r c e n t  t a l l o w .  Ta l low appea red  
to have  a g r e a t e r  e f f e c t  on i n c r e a s i n g  r a d i o - c a l c i u m  c o n c e n t r a ­
t i o n  i n  femurs when p i g s  r e c e i v e d  a r e s t r i c t e d  ca lc ium  i n t a k e .  
This  was p o s s i b l y  due to  p a r t i a l  d e p l e t i o n  o f  bones b e f o r e  c a l ­
cium-45 a d m i n i s t r a t i o n  (Hansard ej£ a_l. , 1954).  Bruggeman e t  a l .
(1961) found t h a t  ca lc ium-45  c o n t e n t  o f  b r o i l e r  femurs was i n ­
c re a s e d  18 p e r c e n t  by the  a d d i t i o n  o f  t a l l o w  to  low -ca lc ium  
r a t i o n s ,  whereas  on h i g h - c a l c i u m  r a t i o n s  the calc ium-45 con­
c e n t r a t i o n  was d e c r e a s e d .  Ta l low  may have p o s s i b l y  a c t e d  in 
some d i r e c t  o r  i n d i r e c t  manner to i n f l u e n c e  r a t e  o f  ca lc ium  
d e p o s i t i o n  o r  to  d e c r e a s e  ca lc ium  r e s o r p t i o n  or b o th .
A phosphorus  l e v e l  o f  0 .45 p e r c e n t  was a p p a r e n t l y  
optimum f o r  growth of  p i g s ,  b u t  bone a n a l y s i s  r e v e a l e d  maximum 
c a l c i f i c a t i o n  a t  0 .65  p e r c e n t  phosphorus .  However, g r e a t e r  bone 
d e n s i t y  and s t r u c t u r e  were o b ta in e d  a t  0 . 4 5  p e r c e n t  phosphorus .  
Added d i e t a r y  t a l l o w  d id  not i n f l u e n c e  c a l c i f i c a t i o n  or  bone 
d e n s i t y .
Balance s t u d i e s . Calcium u t i l i z a t i o n  was n o t  enhanced 
by i n c r e a s i n g  d i e t a r y  p r o t e i n  l e v e l  from 15 to 18 p e r c e n t  w i th  or  
w i t h o u t  added t a l l o w .  True d i g e s t i b i l i t y  o f  phosphorus  was 
improved by the  h i g h e r  p r o t e i n  i n t a k e .  However, t o t a l  phosphorus  
r e t e n t i o n  was u n a l t e r e d ,  s i n c e  p e r c e n t  endogenous  f e c a l  and 
u r i n a r y  phosphorus  was i n c r e a s e d .
R e s t r i c t i o n  o f  ca lc ium  i n t a k e  i n c r e a s e d  the  e f f i c i e n c y  
o f  c a lc iu m  a b s o r p t i o n  and r e t e n t i o n .  These r e s u l t s  a r e  in  a g r e e  
ment w i th  Hansard g.t aj,. (1954) and Mraz (1962) .  Though p e r c e n t  
a b s o r p t i o n  was in c r e a s e d  on low -ca lc ium  d i e t s ,  a b s o l u t e  
amounts o f  c a lc iu m  a b so rb ed  was g r e a t e r  on the  h ig h  c a lc iu m  i n ­
t a k e s .  Spencer  e t  al.. (1964) r e p o r t e d  s i m i l a r  f i n d i n g s  w i th  
human s u b j e c t s .  D i g e s t i b i l i t y  o f  phosphorus  was d e c r e a s e d  in  
r a t i o n s  c o n t a i n i n g  h i g h e r  ca lc ium  l e v e l s .
Added t a l l o w  had no c o n s i s t e n t  e f f e c t  on ca lc ium  
d i g e s t i b i l i t y .  D i f f e r e n c e s  were sm a l l  and no t  s i g n i f i c a n t .  The 
d i g e s t i b i l i t y  o f  p h o sphorus ,  however,  was s i g n i f i c a n t l y  d e c r e a s e d  
i n  the  f i r s t  b a lan c e  t r i a l  and in c r e a s e d  s i g n i f i c a n t l y  in  the 
second b a l a n c e .
P e r c e n t  f e c a l  endogenous c a lc iu m  lo s s  was i n c r e a s e d  
by t a l l o w ,  b u t  d i f f e r e n c e s  were s i g n i f i c a n t  only  in  one o f  two 
b a l a n c e s .  T o t a l  endogenous  ca lc ium  lo s s  through f e c e s  was g r e a t e s t  
a t  the  h i g h e r  c a lc iu m  i n t a k e s ,  and was u n a f f e c t e d  by the  l e v e l  o f  
t a l l o w  fed .  U r ina ry  phosphorus  was s i g n i f i c a n t l y  h i g h e r  in  p ig s  
consuming low c a lc iu m  r a t i o n s ,  co n f i rm in g  the  d a t a  o f  Hansard
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Blood S t u d i e s . Plasma samples  from p i g s  fed 0 . 2  p e r c e n t  
c a lc iu m  c o n t a i n e d  s i g n i f i c a n t l y  l e s s  c a lc iu m  th a n  d id  p lasma from 
p i g s  fed h i g h e r  c a lc iu m  l e v e l s .  Plasma i n o r g a n i c  phosphorus  was 
n o t  a f f e c t e d  by l e v e l  of  c a lc iu m  i n t a k e ,  b u t  was s i g n i f i c a n t l y  
h i g h e r  i n  p i g s  fed  0 .35  p e r c e n t  phosphorus  r a t i o n s .  Plasma c a lc iu m  
was n o t  a f f e c t e d  by the  l e v e l  o f  phosphorus  i n t a k e .
The c a lc iu m  and phosphorus  r e q u i r e m e n t  f o r  growth  appea red  
to  be somewhat l e s s  than  t h a t  r e q u i r e d  f o r  maximum bone c a l c i f i c a ­
t i o n .  S i m i l a r  r e s u l t s  have been r e p o r t e d  by M i l l e r  g£  al,- ( I 9 6 0 ) ,  
R u t ledge  e_t a l .  (1961) and Combs &1- (1962) w i th  young p i g s .
Ten p e r c e n t  t a l l o w  d id  n o t  i n c r e a s e  the  r e q u i r e m e n t s  o f  e i t h e r  of 
t h e se  m i n e r a l s  a t  the  l e v e l s  o f  c a lc iu m  and phosphorus  f ed .  On the  
b a s i s  o f  t h e se  f i n d i n g s ,  0 . 6  p e r c e n t  caPcium r a t i o n s  c o n t a i n i n g  0 .45  
p e r c e n t  phosphorus  met the  r e q u i r e m e n t s  o f  g r o w i n g - f i n i s h i n g  swine.
I n t e r r e l a t i o n s h i p  o f  Calc ium and F a t
I n s o l u b l e  c a lc iu m  soap complexes have been  observed  i n  
f e c a l  samples  o f  d i v e r s e  s p e c i e s  fo r  many y e a r s .  The c a lc iu m  and 
f a t  c o n t e n t  o f  the  d i e t  was g e n e r a l l y  c o n s id e re d  to  c o n t r o l  the 
q u a n t i t y  o f  th e se  complexes  e x c r e t e d .  The p r e s e n c e  of t h e s e  com­
pounds h a s  been  used to  e x p l a i n  d e c r e a s e d  a b s o r p t i o n  of  bo th  c a l ­
cium and f a t .  The l i t e r a t u r e  i s  w e l l  documented w i th  such f a c t u a l  
i n f o r m a t i o n .  However, o c c a s i o n a l l y  d a t a  from the  l i t e r a t u r e  do 
n o t  conform e n t i r e l y  to  t h i s  i d e a .  Swel l  g £  aj_. (1 9 5 6 ) ,  f o r  
example,  found a c a lc iu m  s a l t  o f  a p h o s p h o l ip id  o c c u r r i n g  in  r a t h e r  
a b u n d an t  q u a n t i t i e s  in r a t  f e c e s  when o l e i c  a c i d  was fed .  These
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a u t h o r s  conc luded  t h a t  e x c r e t i o n  of  t h i s  compound and n o t  i n s o l u b l e  
soaps  a cc o u n te d  f o r  50 p e r c e n t  o f  the  f e c a l  c a lc iu m  and phosphorus .
Calc ium does  n o t  ap p ea r  to  a f f e c t  a l l  f a t s  and f a t t y  
a c i d s  i n  a l i k e  manner.  Boyd a i*  (1-932) r e p o r t e d  t h a t  by lower­
ing  c a lc iu m  i n t a k e ,  d i g e s t i b i l i t y  o f  c a lc iu m  p a l m i t a t e  and ca lc ium  
o l e a t e  was i n c r e a s e d  s i g n i f i c a n t l y .  Cheng £ t  f l l .  (1949) found an  
i n v e r s e  r e l a t i o n s h i p  be tween m e l t i n g  p o i n t  and d i g e s t i b i l i t y  of 
t r i g l y c e r i d e s  i n  r a t s .  Calcium d i d  not i n f l u e n c e  d i g e s t i b i l i t y  o f  
low m e l t i n g  f a t  though i t  markedly  r ed u ced  the  d i g e s t i b i l i t y  of 
h i g h e r  m e l t i n g  t r i g l y c e r i d e s .  Kim and Ivy (1952) r e p o r t e d  t h a t  
o l e i c  a c i d  produced more f e c a l  p h o s p h o l ip id  than  an  e q u a l  amount 
o f  p a l m i t i c  a c i d  i n  r a t s .  These r e p o r t s  o f f e r  p o s s i b l e  e x p l a n a ­
t i o n s  f o r  t h e  l a r g e  d e c r e a s e  i n  e t h e r  e x t r a c t  d i g e s t i b i l i t y  
o b se rv ed  i n  Exper im en t  3. F e c a l  soaps  a cc o u n te d  f o r  a  minor 
p o r t i o n  o f  t o t a l  f e c a l  l i p i d  i n  t h i s  t r i a l ,  w h i l e  d i g e s t i b i l i t y  
o f  e t h e r  e x t r a c t  was d e c r e a se d  from 54 to  27 p e r c e n t  by i n c r e a s i n g  
the  ca lc iu m  i n t a k e  from 0 . 2  to 0 . 8  p e r c e n t  o f  the  d i e t .  Calcium 
d i g e s t i b i l i t y  was n o t  lowered s u f f i c i e n t l y  to  a c c o u n t  fo r  the  
l a r g e  amount o f  f e c a l  f a t  a s  a c a l c i u m - f a t t y  a c id  soap complex. 
F e c a l  soaps  were g r e a t e s t  i n  f e c e s  from p ig s  fed h i g h - f a t ,  h i g h -  
c a lc iu m  r a t i o n s  b u t  d i f f e r e n c e s  were s m a l l .  Calcium a p p a r e n t l y  
a c t e d  in  some manner to d e c r e a s e  f a t  d i g e s t i b i l i t y  or i n c r e a s e  
the  endogenous  s e c r e t i o n  o f  f a t  th rough the  f e c e s .  I t  i s  of 
academic  i n t e r e s t  t h a t  i n c r e a s i n g  c a lc iu m  or f a t  i n t a k e  d e c r e a s e d  
th e  a v a i l a b i l i t y  o f  phosphorus  to  growing p i g s .
Calcium d i g e s t i b i l i t y  was n o t  s i g n i f i c a n t l y  a l t e r e d  in  
t h e se  e x p e r im e n t s  by added t a l l o w .  I t  i s  worthy of  n o t e ,  however,
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t h a t  c a lc iu m  d i g e s t i b i l i t y  was improved by t a l l o w  in  the  low- 
c a lc iu m  r a t i o n s ,  and d e p r e s s e d  by t a l l o w  in  the  h i g h - c a l c i u m  
r a t i o n s .
C o r r e l a t i o n  c o e f f i c i e n t s  were c a l c u l a t e d  f o r  p e r c e n t  
c a lc iu m  and f a t  in  f e c e s  to  f u r t h e r  i l l u s t r a t e  the  i n t e r a c t i o n  
of  c a lc iu m  and f a t .  These a r e  shown in  t a b l e  X L I I I .  A s i g n i f i ­
c a n t  c o r r e l a t i o n  (P  < 0 .0 5 )  was o b ta in e d  on both the  t a l l o w  and 
s t a n d a r d  r a t i o n s .  A n o n s i g n i f i c a n t  c o r r e l a t i o n  o f  0 .3  was c a l ­
c u l a t e d  f o r  p e r c e n t  c a lc iu m  and p e r c e n t  f e c a l  f a t  due to soaps .
Blood plasma d a t a  o b t a in e d  in  Exper im ent  3 a l s o  show 
an  u nusua l  r e l a t i o n s h i p  in  t h a t  10 p e r c e n t  d i e t a r y  t a l l o w  i n ­
c r e a s e d  ca lc ium -45  c o n c e n t r a t i o n  in  plasma where 0 . 2  p e r c e n t  
ca lc iu m  was fed  and had no e f f e c t  a t  0 . 8  p e r c e n t  ca lc ium .  This  
e f f e c t  was a l m o s t  o f  the  magnitude  seen  by i n c r e a s i n g  the  l e v e l  
o f  c a lc iu m  i n t a k e  f o u r  t im es .  These d a t a  a r e  s i m i l a r  to  those  
r e p o r t e d  by Berry  e t  al,.  (1961) .
F u r t h e r  e v id e n c e  o f  a m e t a b o l i c  c a l c i u m - f a t  r e l a t i o n ­
sh ip  was shown in  the  f a t  and ca lc ium  c o n t e n t  o f  femurs .  P e r c e n t  
femur c a lc iu m  was n e g a t i v e l y  c o r r e l a t e d  (P  < 0 .0 1 )  w i th  p e r c e n t  
e t h e r  e x t r a c t .  N o r f e l t  (1946) r e p o r t e d  s i m i l a r  r e s u l t s  w i th  both 
c a lc iu m  and p h o sp h o ru s .  As d i s c u s s e d  e a r l i e r ,  ca lc ium -45  con­
c e n t r a t i o n  was h i g h e s t  in  femurs o f  p i g s  fed low -ca lc ium  and h i g h -  
f a t  d i e t s .  A n e g a t i v e  c o r r e l a t i o n  (P  < 0 ,0 1 )  was a l s o  found 
between p e r c e n t  c a lc iu m  and p e r c e n t  m o i s tu r e  o f  bone.  S p e c i f i c  
g r a v i t y  and b r e a k in g  s t r e n g t h  of  bone were both h i g h l y  c o r r e l a t e d  
(P  < 0 .0 1 )  w i th  p e r c e n t  c a lc iu m  of bone.  The r  v a l u e s  and r e ­
g r e s s i o n  c o n s t a n t s ,  b ,  a r e  g iv e n  in  t a b l e  XLIV.
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• E f f e c t  o f  Ta l low  o n D i g e s t i b i l i t y  o f  Non-Minera l  N u t r i e n t s
Ta l low  had no a p p a r e n t  e f f e c t  on the  d i g e s t i b i l i t y  of 
d ry  m a t t e r ,  n i t r o g e n  f r e e  e x t r a c t  or  p r o t e i n .  Lowrey and Pond 
(1958) r e p o r t e d  10 p e r c e n t  t a l l o w  to  have no e f f e c t  on d i g e s t i ­
b i l i t y  o f  d ry  m a t t e r ,  b u t  improved p r o t e i n  d i g e s t i b i l i t y  a t  
p r o t e i n  i n t a k e  l e v e l s  o f  13, 16 and 19 p e r c e n t .  D i g e s t i b i l i t y  
o f  e t h e r  e x t r a c t  was improved, a s  was e x p e c t e d ,  s i n c e  the  
s t a n d a r d  r a t i o n s  were r e l a t i v e l y  low in  f a t  and any endogenous 
f a t  would mask the  t r u e  d i g e s t i b i l i t y  v a l u e s .
For some un ex p la in ed  r e a s o n  added t a l l o w  in c r e a s e d  the 
d i g e s t i b i l i t y  o f  c rude  f i b e r .  S ince  crude  f i b e r  made up on ly  a 
sm a l l  f r a c t i o n  of the  d i e t s ,  t h i s  d id  n o t  m a t e r i a l l y  i n c r e a s e  
t o t a l  d i g e s t i b l e  n u t r i e n t s .  No e x p l a n a t i o n  can be o f f e r e d  fo r  
t h i s ;  however,  s i m i l a r  r e s u l t s  were r e p o r t e d  by Lloyd e t  a l .
(1958) and Lowrey £_t al,. (1962) .
Energy d i g e s t i b i l i t y  was n o t  a f f e c t e d  under f e e d - l o t  or 
l a b o r a t o r y  c o n d i t i o n s  by added t a l l o w ,  b u t  t o t a l  d i g e s t i b l e  nu­
t r i e n t s  were i n c r e a s e d .  Energy d i g e s t i b i l i t y  tended to p a r a l l e l  
dry  m a t t e r  d i g e s t i b i l i t y  more c l o s e l y  than  t o t a l  d i g e s t i b l e  
n u t r i e n t s .  I n  the  m e tabo l i sm  t r i a l  o f  Exper im ent  1, p i g s  fed 
t a l l o w  d e i t s  a t e  more feed  than  those  fed  s t a n d a r d  r a t i o n s .
Thus the  fo rmer consumed more t o t a l  e n e rg y ,  b u t  p e r c e n t  d i g e s t i b l e  
energy  was no t  s i g n i f i c a n t l y  d i f f e r e n t  from those  fed  the  lower 
energy  r a t i o n s .  These d a t a  con f i rm  the  f i n d i n g s  o f  Clawson e ^  a 1.
(1962) and K uryv ia l  and Bowland (1962) b u t  c o n t r a d i c t  those  of  
G ree ley  £ t  gl,. (1964) .
SUMMARY AND CONCLUSIONS
Two f e e d - l o t  t r i a l s  i n v o l v i n g  128 p i g s  and two conven­
t i o n a l  and r a d i o - c h e m i c a l  b a l a n c e s  i n v o l v i n g  28 p i g s  were  con­
d u c te d  to  s tudy  the  e f f e c t s  o f  10 p e r c e n t  added t a l l o w  and p r o t e i n  
l e v e l s  o f  15 and 18 p e r c e n t  on ca lc ium  and phosphorus  r e q u i r e m e n t s  
of  swine.  A l e v e l  o f  0 .2  p e r c e n t  c a lc iu m  was i n a d e q u a te  f o r  normal 
g a i n ,  feed  c o n v e r s io n  and bone deve lopm ent .  Growth and feed d a t a  
i n d i c a t e d  0 . 6  p e r c e n t  c a lc iu m  and 0 .45  p e r c e n t  phosphorus  to  be 
optimum l e v e l s  f o r  g r o w i n g - f i n i s h i n g  swine .  *nie a d d i t i o n  o f  10 
p e r c e n t  t a l l o w  to  t h e s e  r a t i o n s  d id  n o t  i n c r e a s e  the  r e q u i r e m e n t s  
a t  the  l e v e l s  o f  c a lc iu m  and phosphorus  f e d .  Bone growth and 
developm ent  were a d e q u a te  a t  t h e se  m in e r a l  i n t a k e  l e v e l s ,  though 
the  r e q u i r e m e n t  f o r  maximum bone d e n s i t y  and s t r u c t u r a l  s t r e n g t h  
was somewhat g r e a t e r .  Breaking  s t r e n g t h  of femurs  was s l i g h t l y ,  
b u t  s i g n i f i c a n t l y ,  d e p r e s s e d  by added 10 p e r c e n t  t a l l o w .  Other 
c r i e t e r i a ,  such a s  p e r c e n t a g e s  o f  a sh ,  c a lc iu m ,  phosphorus  and 
s p e c i f i c  g r a v i t y  were n o t  s i g n i f i c a n t l y  a l t e r e d  by added t a l l o w .
Level o f  d i e t a r y  ca lc ium  or phosphorus  had no e f f e c t  
on c a r c a s s  c h a r a c t e r i s t i c s  s t u d i e d .  B a c k - f a t  was s i g n i f i c a n t l y  
i n c r e a s e d  and p e r c e n t  l e a n  c u t s  s i g n i f i c a n t l y  d e c r e a s e d  by 
a dd ing  10 p e r c e n t  t a l l o w .
Plasma c a lc iu m  and phosphorus  were n o t  a l t e r e d  by t a l l o w  
or p r o t e i n  l e v e l ,  bu t  plasma c a lc iu m  was lower i n  p ig s  fed 0 . 2
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p e r c e n t  c a lc iu m  d i e t s .  Endogenous f e c a l  c a lc iu m  was g r e a t e s t  i n  
p i g s  fed  r a t i o n s  h ig h  i n  f a t  a n d / o r  c a lc iu m ,  w hereas  p e r c e n t  e n ­
dogenous f e c a l  p hosphorus  was lower on t a l l o w  d i e t s .
D i g e s t i b i l i t y  o f  phosphorus  was d e c r e a s e d  i n  one t r i a l  
and i n c r e a s e d  i n  a second by added f a t ,  whereas  d i g e s t i b i l i t y  o f  
c a lc iu m  was n o t  s i g n i f i c a n t l y  a f f e c t e d  by added t a l l o w .  P r o t e i n  
l e v e l s  of  15 and 18 p e r c e n t  o f  the  r a t i o n s  had no e f f e c t  on ca lc iu m  
a b s o r p t i o n  o r  u t i l i z a t i o n .  True d i g e s t i b i l i t y  o f  phosphorus  was 
i n c r e a s e d  on the  18 p e r c e n t  p r o t e i n  d i e t s ,  b u t  n e t  r e t e n t i o n  was un­
changed s i n c e  endogenous  u r i n e  and f e c a l  phosphorus  were i n c r e a s e d .
D i g e s t i o n  c o e f f i c i e n t s  d e te rm in ed  under f e e d - l o t  c o n d i t i o n s  
showed t h a t  t a l l o w  or c a lc iu m  l e v e l  had no e f f e c t  on d i g e s t i b i l i t y  
of  d ry  m a t t e r ,  e n e r g y ,  p r o t e i n  o r  n i t r o g e n  f r e e  e x t r a c t .  C o e f f i c i e n t s  
were g r e a t e r  f o r  c a lc iu m ,  p h o sp h o ru s ,  t o t a l  d i g e s t i b l e  n u t r i e n t s ,  and 
f a t  i n  r a t i o n s  c o n t a i n i n g  0 . 2  p e r c e n t  c a lc iu m  as  compared to r a t i o n s  
c o n t a i n i n g  0 . 8  p e r c e n t  c a lc iu m .  Added t a l l o w  d e c r e a s e d  phosphorus  
d i g e s t i b i l i t y  under f e e d - l o t  c o n d i t i o n s  and in c r e a s e d  t h a t  o f  f i b e r ,  
f a t  and t o t a l  d i g e s t i b l e  n u t r i e n t s .  D i g e s t i b i l i t y  o f  f a t  was d e ­
c re a s e d  from 54 to  28 p e r c e n t  by i n c r e a s i n g  ca lc ium  l e v e l  from 0 .2  
to 0 . 8  p e r c e n t  o f  the  r a t i o n ,  whereas  c a lc iu m  d i g e s t i b i l i t y  was d e ­
c re a s e d  by on ly  5 p e r c e n t  by added t a l l o w .  Calcium soaps  were 
h i g h e s t  i n  f e c a l  samples  from p i g s  fed h i g h - c a l c i u m ,  h i g h - t a l l o w  
d i e t s ,  b u t  d i f f e r e n c e s  between c a lc iu m  l e v e l s  were s m a l l .  These 
f i n d i n g s  i n d i c a t e  an  i n h i b i t i o n  o f  f a t  d i g e s t i o n  or  i n c r e a s e d  e n ­
dogenous f e c a l  f a t  due to  ca lc iu m  i n t a k e ,  w h i le  ca lc ium  d i g e s t i b i l ­
i t y  was n o t  m a t e r i a l l y  a f f e c t e d  by added f a t .
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T ab le  1. C om posi t ion  o f  Swine R a t io n s  Fed In  Exper im ent  1
R a t io n
Number 1 2 3 4
I r u t r e d i e n t s .  X
Ground co rn 81.98 74. 48 69.88 62 .48
S t a b i l i z e d  t a l l o w 0 . 0 0 0 . 0 0 1 0 . 0 0 1 0 . 0 0
Soybean meal ,  50% 15.50 23.00 17.60 25.00
O y s te r  s h e l l  f l o u r 0 .75 0. 75 0. 75 0. 75
Steamed bone meal 1 . 0 0 1 . 0 0 1 . 0 0 1 . 0 0
Io d ized  s a l t 0 .5 0 0 .50 0 .50 0. 50
V i tam in  premix (a ) 0 .27 - 0 , 2 2 .. o a . i 0._21
T o t a l 1 0 0 . 0 0 1 0 0 . 0 0 1 0 0 . 0 0 1 0 0 . 0 0
The v i t a m i n  premix f u r n i s h e d  the fo l l o w i n g  per  one pound of  
r a t i o n :  V i tam in  B-12, 0 .0 1  mg.,  r i b o f l a v i n ,  2 .00  mg.,  n i a c i n ,
4.00 mg.,  p a n t h o t h e n i c  a c i d ,  9 .0 0  mg.,  c h o l in e  c h l o r i d e ,
10.00 mg. ,  oxy t e t r a c y c l i n e , 10 mg.,  z i n c ,  22 mg. ,  v i t a m i n  A, 
454 USP u n i t s  and v i t a m i n  D, 400 USP u n i t s .
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Table  I I .  P rox im ate  A n a l y s i s  and C a lc ium -f t iosphorus  C o n ten t  
o f  R a t io n s  Fed i n  Exper im ent  1
R a t io n
Number 1 2 3 4
P r o t e i n 15.21 18.05 15.31 17.90
F a t 2 .0 4 2 . 11 13.01 12.95
F ib e r 2 .3 4 2.65 2 . 2 1 2.59
N i t r o g e n  f r e e  e x t r a c t 61 .76 58.42 52 .66 49.37
Ash 4.95 4.92 4.86 5.01
Calcium 0.69 0. 74 0 .7 1 0. 75
Phosphorus 0 .4 0 0 .41 0 .3 8 0 39
Table  I I I .  C om position  o f  16 P e rc e n t  P r o te i n  Swine R a t io n s  Fed in  Experim ent 2
R at ion
Number 1 2 3 ' 4 5 6 7 8
I n c r e d i e n t s .  % 
Ground corn 80. 70 80.00 79.45 78.90 68.65 6 8 . 2 0 67.20 66.65
S t a b i l i z e d  t a l l o w1
----- ----- ----- ----- 1 0 . 0 0 1 0 . 0 0 1 0 . 0 0 1 0 . 0 0
Soybean o i l  meal ,  507» 18.00 18.20 18.25 18.25 2 0 . 0 0 2 0 . 0 0 20.50 20.50
Steamed bonemeal 0.45 0 .75 0 .75 0. 75 0 .45 0 .75 0 .75 0 .75
O yster  s h e l l  f l o u r ----- 0 .30 0 .80 1.35 ---- 0 .30 0 .8 0 1.35
Phosphor ic  a c id 0 . 10 ---- ---- ---- 0.  15 ---- ---- ----
Io d iz e d  s a l t 0 .5 0 0 .50 0 .5 0 0 .50 0 .50 0 .5 0 0 .50 0 .5 0
Premix^3^ 0 .25 0 .25 0 .25 0 .25 0 .25 0 .25 0 .25 0 .25
T o ta l 1 0 0 . 0 0 1 0 0 . 0 0 1 0 0 . 0 0 1 0 0 . 0 0 1 0 0 . 0 0  . 1 0 0 . 0 0 1 0 0 . 0 0 1 0 0 . 0 0
(a ) The v i t a m in  premix f u r n i s h e d  the fo l lo w in g  per  one pound o f  r a t i o n :  V i tam in  B-12, 0 .0 1  mg.;
r i b o f l a v i n ,  2 .0 0  mg.; n i a c i n ,  4 .00 mg.;  p a n t h o t h e n i c  a c i d ,  9 .0 0  mg.;  c h o l in e  c h l o r i d e .  10.00 
mg.; o x y t e t r a c y c l i n e ,  10 mg.;  z i n c ,  22 mg.; v i t a m i n  A, 454 USP u n i t s  and v i t a m i n  D, 400 USP 
u n i t s .
Table  IV. C om position o f  13 P e rc e n t  P r o t e i n  Swine R a t io n s  Fed in  Experim ent 2
R a t io n
Number 1 2 3 4 5 6 7 8
I n g r e d i e n t s .  % 
Ground corn 87.60 87.15 86.50 85.90 75.43 75.00 74.50 73.90
S t a b i l i z e d  t a l l o w ----- ----- ----- ----- 1 0 . 0 0 1 0 . 0 0 1 0 . 0 0 1 0 . 0 0
Soybean o i l  m eal ,  50% 1 1 . 0 0 1 1 . 0 0 1 1 . 10 1 1 . 2 0 13.10 13. 10 13. 10 13.15
Steamed bone meal 0 .50 0 .80 0 .80 0 .80 0 .5 0 1 . 0 0 1 . 0 0 1 . 0 0
O yster  s h e l l  f l o u r ----- 0 .30 0 .85 1.35 ----- 0. 15 0 .65 1 . 2 0
Phosphor ic  a c id 0.  15 ----- ----- ----- 0 . 2 2 ----- ----- -----
S a l t 0 .5 0 0 .50 0 .5 0 0 .5 0 0 .50 0 .5 0 0 .50 0 .5 0
Premix^a ^ 0.25 0 .25 0 .25 0 .25 0 .25 0 .25 0 .25 0 .25
T o t a l 1 0 0 . 0 0 1 0 0 . 0 0 1 0 0 . 0 0 1 0 0 . 0 0 1 0 0 . 0 0 1 0 0 . 0 0 1 0 0 . 0 0 1 0 0 . 0 0
(a)v 'The  v i t a m i n  premix f u r n i s h e d  the  f o l lo w in g  p e r  one pound of  r a t i o n :  V i tam in  B-12, 0 .0 1  mg.;
r i b o f l a v i n ,  2 .00  mg.;  n i a c i n ,  4 .00  mg.;  p a n t h o t h e n i c  a c i d ,  9 .0 0  mg.;  c h o l i n e  c h l o r i d e ,  10.00 
mg. oxy t e t r a c y c l i n e , 5 mg.;  z i n c ,  23 mg.;  v i t a m i n  A, 454 USP u n i t s  and v i t a m i n  D, 400 USP 
u n i t s .
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Table  V. Proxim ate  A n a l y s i s  and C a lc iu m - fh o sp h o ru s  C o n ten t  
o f  Swine R a t io n s  Fed I n  Exper im ent  2
*
R a t io n
Number 1 2 3 4____ . . .  5 6 7 8
Injured i e n t s .  %
16 P e r c e n t  P r o t e i n  R a t io n
P r o t e i n 16.2 15.9 15. 7 16 .4 15.8 16.3 16.0 15.8
F a t 3 .8 3 .9 4 .2 3 .7 13.7 14.1 13.2 14.3
F ib e r 2 .5 2 . 6 2 .5 2 .7 2 . 4 2 .3 2 . 2 2 . 1
NFE 61.9 62 .0 61.9 61. 1 53 .3 5 2 .3 53 .8 5 2 . 4
Ash 3 .9 4 .0 4 .3 4.7 4 .0 4.1 4.3 4 .8
Calcium 0 . 2 1 0 .42 0 .6 2 0 .82 0 . 2 1 0 .4 2 0 .62 0 .82
Phosphorus 0 .4 2 0 .45 0 .4 3 0 . 4 4 0 . 4 4 0 .43 0 .4 6 0. 45
13 P e r c e n t P r o t e i n  R a t io n
P r o t e i n 13.4 13.3 13.5 13.3 13.5 13.2 12.9 13.6
Fa t 4 .7 4 .3 4 .1 3 .8 13.8 14.0 13.5 14.0
F ib e r 2 . 2 2 . 1 2 . 4 2 . 1 2 . 0 2 . 4 2 . 1 2 . 2
NFE 64.0 64.5 64.3 65.3 55 .8 55.2 56.5 5 4 .8
Ash 4 .0 4 .2 4 .3 4.7 4 .1 4.3 4.5 4 .8
Calcium 0 . 2 2 0 .41 0 .6 3 0 .8 0 0.19 0 . 43 0 .59 0 .7 8
Riosphurus 0 .4 0 0 .45 0 .41 0 .43 0 .47 0 . 4 4 0 .4 2 0 .42
T able  VI. C om position  of 16 P e rc e n t  P r o t e i n  Swine R a t io n s  Fed in  E xperim ent 4
R a t io n
Number 1 2 3 4 5 6 7 8
I n g r e d i e n t s .  % 
Ground corn 79.63 79.48 79.23 78.98 67. 43 67.23 67.03 66.83
S t a b i l i z e d  t a l l o w 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 1 0 . 0 0 1 0 , 0 0 1 0 . 0 0 1 0 . 0 0
Soybean o i l  meal ,  50% 18.20 18.20 18.25 18.30 20.40 20.40 20.40 20.40
Di Cal  PO4 0 . 2 0 0. 75 1.30 1.85 0 .30 0.85 1.40 1.95
O yster  s h e l l  f l o u r 1.30 0 .90 0 .55 0 . 2 0 1 . 2 0 0. 85 0 .5 0 0 .15
Io d iz e d  s a l t 0 .50 0 .5 0 0 .50 0 .5 0 0 .50 0 .50 0 .5 0 0 .50
Premix ^a ) 0.  17 0. 17 0.  17 0. 17 0. 17 0. 17 0. 17 0. 17
T o t a l 1 0 0 . 0 0 1 0 0 . 0 0 1 0 0 . 0 0 1 0 0 . 0 0 1 0 0 . 0 0 1 0 0 . 0 0 1 0 0 . 0 0 1 0 0 . 0 0
fa}v 'The  v i t a m i n  premix f u r n i s h e d  the fo l lo w in g  per  one pound o f  r a t i o n :  V i tam in  B-12, 0 .0 1  mg.;
r i b o f l a v i n ,  2 .00  mg.;  n i a c i n ,  4.00 mg.;  p a n t h o t h e n i c  a c id  9 .0 0  mg.; c h o l in e  c h l o r i d e  10.00 
mg. , o x y t e t r a c y c l i n e ,  10 mg. ; z i n c ,  23 mg.;  v i t a m i n  A, 454 USP u n i t s  and v i t a m i n  D, 400 USP 
un i  t s .
Table  V II ,  C om position  o f  13 P e rc e n t  f t ro te in  Swine R a t io n s  Fed in  E xperim ent A
R at io n
Number 1 2 3 A 5 6 7 8
I n g r e d i e n t s .  % 
Ground corn 86.58 86.36 8 6 . 12 85.87 7A. 38 7A. 18 7A.00 73.78
S t a b i l i z e d  t a l l o w ----- ----- ----- ----- 1 0 . 0 0 1 0 . 0 0 1 0 . 0 0 1 0 . 0 0
Soybean o i l  m eal ,  507. 1 1 . 2 0 11.25 11.30 11.35 13. AO 13. A0 13. Al 13. A3
Di Ca PO^ 0 .3 6 0 .9 1 1. A5 2 . 0 0 0. A5 1 . 0 0 1.5A 2.09
O yster  s h e l l  f l o u r 1.2A 0 . 8 6 0 .51 0 . 16 1. 15 0 .8 0 0. A3 0 .0 8
I o d iz e d  s a l t 0 .50 0 .5 0 0 .50 0 .50 0 .50 0 .50 0 .50 0 .5 0
Premix (a ) 0 . 12 0 . 1 2
CM0 0 . 12 0 . 12 0 . 12 0 . 12 0 . 1 2
T o t a l 1 0 0 . 0 0 1 0 0 . 0 0 1 0 0 . 0 0 1 0 0 . 0 0 1 0 0 . 0 0 1 0 0 . 0 0 1 0 0 . 0 0 1 0 0 . 0 0
v ■"The v i t a m i n  premix f u r n i s h e d  the  fo l lo w in g  per  one pound o f  r a t i o n :  V i tam in  B-12, 0 .0 1  mg. ;
r i b o f l a v i n ,  2 .0 0  mg.;  n i a c i n ,  A.00 mg.;  p a n t h o t h e n i c  a c i d  9 .0 0  rag.; c h o l in e  c h l o r i d e ,  10.00 
mg.; o x y t e t r a c y c l i n e , 5 mg.;  z i n c ,  23 mg.;  v i t a m i n  A, A5A USP u n i t s ;  and v i t a m i n  D, A00 USP 
u n i t s .
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T ab le  V I I I .  Prox imate  A n a l y s i s  and C a lc ium -R iosphorus  C o n te n t  
o f  R a t io n s  Fed In  Exper im en t  4
R a t io n
Number 1 2 3 4 5 6 7 8
I n g r e d i e n t s .  7o
16 P e r c e n t  P r o t e i n R a t io n
P r o t e i n 16.7 16 .4 15. 7 16.9 16.3 16.8 16.5 16.3
F a t 4 .1 3 .8 4 .8 4 .2 14.1 13.1 14. 1 13.7
F i b e r 2 .5 2 .7 2 . 6 217 2 .3 2 .3 2 .3 2 . 2
NFE 60.9 60.9 60 .9 5 9 .3 52.5 5 2 .4 52. 1 52 .7
Ash 4. 1 4 .2 4 .3 5 . 1 4.2 4 . 4 4. 7 4.9
Calcium 0 . 6 4 0 .61 0 .6 3 0 .59 0 .6 1 0 . 6 4 0 .6 0 0 .6 0
Phosphorus 0 .3 8 0 .4 6 0 . 5 4 0 . 6 4 0 .35 0. 45 0 .55 0 .65
13 P e r c e n t  P r o t e i n Ra t i o n
P r o t e i n 13.3 13.5 13.8 13.3 13.9 1 2 . 8 13 .4 13. 7
F a t 4 .2 4 .8 3 .8 4. 1 13.7 14. 1 13. 1 14. 1
F i b e r 2 . 2 2 .3 2 .3 2 .3 2. 7 2 . 6 2 .7 2 .5
NFE 64 .8 63.9 64.3 64.2 55. 1 5 5 .8 55.3 54 .0
Ash 4.0 4 .3 4. 7 5 .1 4. 1 4.3 4 .8 5. 1
Calcium 0.62 0 .59 0 .6 3 0 .5 8 0 .59 0 .61 0 .63 0 . 6 4
Phosphor us 0 .3 8 0. 45 0 . 5 4 0 . 6 4 0 .35 0. 43 0 .5 6 0 . 6 6
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Table  IX. E f f e c t  o f  D i e t a r y  T a l low  and P r o t e i n  Level 
on Performance  o f  Swine
Level o f  t a l l o w ,  7. 









Number o f  p i g s 3 3 3 3
Av. i n i t i a l  wt.  , lb . 34. 7 39 .0 38 .7 39.3
Av. f i n a l  wt.  , lb . 153.3 176. 7 173.3 180. 7
Av. d a i l y  g a i n ,  lb . 1.36 1.58 1.55 1.63
Av. d a i l y  f e e d ,  lb . 3.79 3 .90 3 .83 3 .96
Feed /100  lb .  g a i n ,  lb . 277.90 247.50 244. 10 236.40
Grams ca lc iu m  consumed 13.54 13.28 12.69 13. 12
Grams phosphorus  consumed 8 .26 9 .0 3 8 . 0 0 8,99
Ca/P r a t i o 1 .64 1.47 1.59 1.46
( a ) P igs  used in  b a l a n c e  s t u d i e s  were i n  c r a t e s  f o r  30 days .  
Weight g a i n s  and feed  consumption  f o r  t h i s  p e r io d  a r e  
a ve raged  in  t h e se  d a t a .
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Tab le  X. E f f e c t  o f  D i e t a r y  Ta l low  and P r o t e i n  Level on Calcium 
A b s o r p t i o n ,  R e t e n t i o n  and E x c r e t i o n  i n  Swine
Level o f  t a l l o w ,  % 









Calcium consumed, g. 11 .04 10.48 11.69 11.96
Calc ium e x c r e t e d ,  g.
f e c e s 4.90 4 .8 4 6 .42 5 .87
u r i n e 0 .13 0 .0 8 0 . 1 0 0 .1 6
T o t a l 5 .03 4 .92 6 .52 6 .03
Calcium r e t a i n e d ,  g. 6 . 0 1 5 .56 5. 17 5 .93
Endogenous c a lc iu m ,  g.
f e c e s 0 .87 0.69 1.69 1.41
u r i n e 0 . 13 0 .0 8 0 . 10 0 . 16
T o t a l 1 . 0 0 0 .77 1. 79 1.67
P e r c e n t  e x c r e t e d  ca lc ium 17.7 14.2 2 6 .4 24. 1
A p p a ren t  d i g e s t i b i l i t y ,  % 5 5 .6 53 .8 45. 1 50.9
True d i g e s t i b i l i t y ,  % 63.5 60. 4 59.5 62. 7
P e r c e n t  c a lc iu m  r e t a i n e d 5 4 .4 53. 1 44.2 49.6
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Table  XI.  E f f e c t  o f  D i e t a r y  Ta l low  and P r o t e i n  Level on Calcium 
A b s o r p t i o n ,  R e t e n t i o n  and E x c r e t i o n  in  Swine
Trea tm en t




P e r c e n t  
15
P r o t e i n
18
Calc ium consumed, g. 10. 76 11.83 11.37 1 1 . 2 2
Calcium e x c r e t e d , g.
fe ces 4.87 6 . 14 5 .6 6 5 .36
u r i n e 0 . 10 0. 13 0 . 11 0 . 12
T o t a l 4.97 6.27 5 .77 5 .4 8
Calcium r e t a i n e d ,  g. 5 .79 5 .5 6 5 .6 0 5. 74
Endogenous c a lc iu m ,  g.
f e c e s 0 .8 0 1.55** 1.31 1.05
u r i n e 0 . 10 0 .13 0 . 1 1 0 . 1 2
T o t a l 0 .9 0 1 . 6 8 1.42 1.17
P e r c e n t  e x c r e t e d  ca lc iu m 16.4 25.2 23. 1 19.6
A ppa ren t  d i g e s t i b i l i t y 54. 7 48.1 50.2 52.2
True d i g e s t i b i l i t y 62 .2 61 .2 61. 7 61 .6
P e r c e n t  c a lc iu m  r e t a i n e d 5 3 .8 47.0 49.3 51.2
**P < 0 .0 1
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Table  X I I .  E f f e c t  o f  D ie t a r y  Tallow, and P r o t e i n  Level on Phos­
phorus  A b s o r p t i o n ,  R e t e n t i o n  and E x c r e t i o n  in  Swine
Level o f  t a l l o w ,  7. 0 0 10 10
Level o f  p r o t e i n ,  % 15 18 15 18
Riosphorus  consumed, g. 6 .81 7.20 7.60 8 . 15
Phosphorus  e x c r e t e d ,  g.
fe  ces 3 .41 4. 19 4 .69 p. 26
u r i n e 0 .0 7 0. 13 0 . 0 4 0 .09
T o t a l 3 .48 4 .32 4. 73 5 .35
Phosphorus  r e t a i n e d ,  g. 3 .33 2 . 8 8 2 .87 2 .80
Endogenous pho sp h o ru s ,  g.
f e c e s 2. 78 3 .3 6 2 .39 3. 72
u r i n e 0 .0 7 0 .1 3 0 . 0 4 0 .09
T o t a l 2 .85 3.49 2 .43 3 .81
P e r c e n t  e x c r e t e d  phosphorus 8 1 .6 80 .3 51. 1 70 .7 '
A ppa ren t  d i g e s t i b i l i t y ,  °L 49.9 41 .8 38 .3 35.5
True d i g e s t i b i l i t y ,  %** 9 0 .7 88 .5 69. 7 81. 1
P e r c e n t  phosphorus  r e t a i n e d 48.9 40.0 37 .8 34. 4
•jU«|U
P < 0 .0 1  ( s i g n i f i c a n t  i n t e r a c t i o n )
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Table  X I I I .  E f f e c t  o f  D i e t a r y  T a l low  and P r o t e i n  Leve l  on Phos-  
pho rus  A b s o r p t i o n ,  R e t e n t i o n  and E x c r e t i o n  in  Swine
Trea tm en t




P e r c e n t
15
P r o t e i n
18
Phosphorus  consumed, g . 7 .01 7 .88 7.21 7 .68
Phosphorus  e x c r e t e d ,  g.
f e c e s 3 .8 0 4.97 4.05 4 .72
u r i n e 0 . 10 0 .0 7 0 .0 6 0 . 1 1**
T o t a l 3 .9 0 5 .0 4 4 .11 4.83
Phosphorus  r e t a i n e d ,  g. 3 .1 1 2 .8 4 3 .10 2.85
Endogenous p h o s p h o ru s ,  g.
f e c e s 3 .07 3 .06 2 .59 3 .5 4
ur ine 0 . 10 0 .0 7 0 .06 0 . 1 1
T o t a l 3 .17 3 .13 2.65 3 .65
P e r c e n t  e x c r e t e d  phosphorus 8 0 .8 60.9 6 4 .0 75.0
A p p a ren t  d i g e s t i b i l i t y ,  7. 4 5 .8 36.9 43 .8 38.5
True  d i g e s t i b i l i t y ,  % 89 .6** 75.8 79.8 84 .6*
P e r c e n t  phosphorus  r e t a i n e d 4 4 .4 36 .0 43.0 37 .1
*P < 0 .05
**P < 0 .0 1
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T able  XIV. E f f e c t  o f  D ie ta r y  T allow  and f t r o te in  L evel on Energy
B alance o f  Swine
Leve l  o f  t a l l o w ,  X 










feed 4 .4 6 4 4.523 5 .037 5 .060
f e c e s 4.657 4.338 4 .808 4.611
u r i n e  (*>) 0 .039 0 .067 0 .066 0 .077
Feed consumed, g. 1 ,1 4 1 .4 1 ,113 .3 1 ,353 .0 1 ,2 1 7 .7
F eces  e x c r e t e d ,  g. 127. 1 139.0 165.0 148.9
Urine  e x c r e t e d ,  g. 2 ,8 1 8 .5 2 ,1 3 7 .0 1 ,898 .7 2 ,5 2 2 .0
KCal consumed 5 ,0 9 5 .2 5 ,0 3 5 .5 6 ,8 1 5 .1 6 ,1 6 1 .6
KCal e x c r e t e d
f e c e s 591.9 603.0 793.3 6 8 6 . 6
u r i n e 109.9 143.2 125.3 194.2
D i g e s t i b l e  energy
k i l o c a  l o r i e s 4 ,5 0 3 .3 4 ,4 3 2 .5 6 , 0 2 1 . 8 5 ,4 7 5 .0
p e r c e n t 8 8 .4 8 8 . 0 8 8 .4 88.9
M e t a b o l i z a b l e  energy
k i l o c a  l o r  i e s 4 , 3 9 3 . 4 4 ,2 8 9 .3 5 ,8 9 6 .5 5 ,2 8 0 .8
p e r c e n t 8 6 . 2 85.2 86.5 85. 7
D i g e s t i b l e  d ry  m a t t e r ,  X 8 8 . 6 87.1 87.6 87 .2
D i g e s t i b l e  e t h e r  e x t r a c t ,  X 5 7 .3 47.8 78. 7 79.3
C a l c u l a t e d  on a  gram d ry  w e ig h t  b a s i s .  
^ C a l c u l a t e d  on a gram wet w e ig h t  b a s i s .
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Table  XV. E f f e c t  o f  D ie ta r y  T a llow  and P r o t e i n  Level on
Energy Balance o f  Swine
Trea tm en t




P e rc e n t
15




f e c e s  













Feed consumed, g. 1 ,127 .3 1 ,2 8 5 .4 1 ,247 .2 1, 165.5
Feces  e x c r e t e d ,  g. 133. 1 156.9 146. 1 143.9
Urine  e x c r e t e d ,  'g. 2 ,4 7 8 .0 2 , 2 1 0 . 0 2 ,3 5 9 .0 2 ,3 3 0 .0
KCal. consumed 5 ,0 6 6 .  1 6 ,4 9 0 .0 5 , 9 2 5 . 4 5 ,585 .  1
KCal. e x c r e t e d  










D i g e s t i b l e  energy  
k i l o c a l o r  i e s  
p e r c e n t
4 , 4 6 7 . 4
8 8 . 2
5 , 7 5 1 .0 *
8 8 . 6
5 ,2 3 3 .9
88 .3
4 ,9 4 1 .1  
88.5
M e ta b o l i z a b l e  energy 
k i l o c a l o r  i e s  
p e r c e n t
4 ,3 3 6 .1  
85.6
5 ,5 9 1 .9
8 6 . 2
5 ,1 0 8 .9  
8 6 . 2
4 ,7 7 3 .3
85.5
D i g e s t i b l e  dry  m a t t e r ,  7. 8 8 . 2 87.8 88.3 87. 7
D i g e s t i b l e  e t h e r  e x t r a c t ,  % 5 2 .6 79.0** 6 8 . 0 63 .5
C a l c u l a t e d  on a gram dry  w e ig h t  b a s i s ,  
( k ) C a l c u l a t e d  on a gram wet w e ig h t  b a s i s .
*P < 0 .05  
**P < 0 .0 1
Table  XVI. E f f e c t  o f  D ie ta r y  Calcium and Tallow  Level on Feed -L o t Perform ance and
C arcass  C h a r a c t e r i s t i c s  o f  Swine
Level o f  t a l l o w ,  % 

















Number o f  p ig s  ^a ^ 8 8 8 8 8 8 8 8
Av. i n i t i a l  w e ig h t ,  lb. 45.3 45.8 45.5 45.6 45.3 45.5 4 5 .4 45 .9
Av. f i n a l  w e igh t . ,  lb . 173.9 174.8 185.9 186.6 194.3 198.9 193. 1 195.6
Av. d a i l y  g a i n ,  lb. 1.38 1.39 1.52 1.52 1.60 1.65 1.59 1.62
Av. d a i l y  feed consumption 4.07 3 .51 4.73 3. 75 4.97 4. 15 5. 17 4.03
Feed pe r  1 00# /ga in ,  lb . 291.2 249 .3 313.3 242.3 3 04 .4 246.5 320.3 246.3
Ca consumed, g. 3.97 3.59 8 .87 7. 14 13.61 11.05 19.55 15.59
P consumed, g. 8 . 12 6 .75 9 .30 7.72 10.43 8 .6 4 10.49 8 . 11
Ca/P r a t i o 0 .49 0 .53 0.95 0 .92 1.30 1.37 1 . 8 6 1.92
Av. c a r c a s s  w e ig h t ,  lb . 148.3 143.0 156.8 150.0 156.8 165.5 160.3 160.5
Av. d r e s s i n g  p e rc e n ta g e 80 .8 81.5 83.0 81.8 83. 4 82.6 83.2 83 .6
( a ) c a r c a s s  d a t a  tak en  from four  p ig s  per  t r e a tm e n t .
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Table  XVII.  E f f e c t  o f  D i e t a r y  Calcium Level on Feed-Lo t  P e r ­
formance and C a r ca s s  C h a r a c t e r i s t i c s  o f  Swine
Level o f  c a lc iu m ,  % 0 . 2 0 . 4 0 . 6 0 . 8
No. o f  p ig s 16 16 16 16
Av. i n i t i a l  w e ig h t ,  lb . 45.5 45.6 4 5 .4 45 .1
Av. f i n a l  w e ig h t ,  lb . 174.3 186.3 196.6 194.4
Av. d a i l y  g a i n ,  lb .  ***• 1.39 1.52 1.63 1.60
Av. d a i l y  f e e d ,  lb .  ** 3 .79 4 .2 4 4 .56 4 .60
Feed p e r  1 0 0 # /g a in ,  lb . 270.2 277.8 2 7 5 .4 283.3
Ca consumed g. 3 .7 8 7.95 12.31 17.59
P consumed, g. 7 .40 8 .52 9 .5 4 9 .29
Ca/P r a t i o 0 .5 1 0 .93 1.29 1.89
Av. c a r c a s s  w e ig h t ,  lb . 145.6 153.4 161.1 160.4
Av. d r e s s i n g  p e r c e n ta g e 81.2 82 .4 83.0 8 3 .4
C ar ca s s  d a t a  t a k e n  from 8  p i g s  p e r  t r e a t m e n t .  
1 > 1 i n e a r
*P < 0 .0 5
**P < 0 . 0 1
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Table  XVIII .  E f f e c t  o f  D i e t a r y  T a l low  Level on F eed -Lo t  P e r ­
formance and C a r c a s s  C h a r a c t e r i s t i c s  o f  Swine
Level o f  t a l l o w ,  7, 0 . 0 1 0 . 0
No. o f  p i g s 32 32
Av. I n i t i a l  w e ig h t ,  lb . 45.30 45.40
Av. f i n a l  w e ig h t ,  lb . 186.80 189.00
Av. d a i l y  g a i n ,  lb . 1.52 1 .54
Av. d a i l y  feed  i n t a k e ,  lb . 4 .73* 3.86
Feed pe r  1 0 0 # /g a in ,  lb . 307.3** 246. 1
Ca consumed, g. 16.50 9 .3 4
p consumed, g. 9 .59 7.81
Ca/P r a t i o 1.72 1 . 2 0
Av. c a r c a s s  w e ig h t ,  lb . 155.5 154.8
Av. d r e s s i n g  p e r c e n ta g e 82.8 82.2
( ^ C a r c a s s  d a t a  ta k en  from 16 p i g s  pe r  t r e a t m e n t .  
*P < 0 .05  
**P < 0 .0 1
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Table  XIX. E f f e c t  o f  D ie t a r y  Calcium Level on Swine Femur 
Composi t ion  and D e n s i ty
Level o f  c a lc iu m ,  V, 0 .2 0 0 .4 0 0 .6 0 0 .8 0
Femur wt. , g /100  lb. 118.8 118.8 123.0 123.9
P e r c e n t  m o i s tu r e *  ^ 16.8 15.3 13.8 14.9
J L J L  -1
P e r c e n t  e t h e r  e x t r a c t  1 33. 1 28. 1 26. 1 23 .8
P e r c e n t  a sh**  *-9 64. 7 66 .6 67.6 67.3
P e r c e n t  c a lc iu m  * q 24.9 25.9 26. 4 26. 6
P e r c e n t  phosphorus 11.9 12.4 12.6 12.7
Ca/P r a t i o 2.09 2.09 2. 10 2 .09
S p e c i f i c  g r a v i t y * *  *9 1.1787 1.2295 1.2652 1.26
XBreaking s t r e n g t h ,  lb. 451.3 646.9 783.8 911 .3
1 = l i n e a r
q * q u a d r a t i c  
*P < 0 .05  
**P <  0 . 0 1
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Table  XX. E f f e c t  o f  D ie t a r y  Tallow 
p o s i t i o n  and D ens i ty
Level on Swine Femur Com-
Level  o f  t a l l o w ,  % 0 .0 10.0
Femur wt.  , g /100  lb . 122. 7 119.5
P e r c e n t  m o i s tu r e 15.3 15.0
P e r c e n t  e t h e r  e x t r a c t 26.9 28.6
P e r c e n t  ash 66.6 66.5
P e r c e n t  ca lc ium 26 .0 25.9
P e r c e n t  phosphorus 12.5 12. 4
Ca/P r a t i o 2 .08 2.09
S p e c i f i c  g r a v i t y 1.2297 1 . 2 3 :
Breaking s t r e n g t h ,  lb. 737.5* 659. 1
*P < 0 .05
Table  XXI. E f f e c t  of D ie ta r y  Calcium and Tallow Level on Bone Calcium-45 C o n c e n t r a t i o n  
i n  Swine
Level o f  ca lc ium ,  % 0 .2 0 0 .40 0 .60 0 .8 0 0 .2 0 0 .4 0 0 .6 0 0 .8 0
Level o f  ta l low,% 0 .0 0 0 .00 0 .00 0 .0 0 10.0 10.0 10.0 10.0
I n i t i a l  w e ig h t ,  lb . 43 41 43 39 39 39 43 35
F i n a l  w e ig h t ,  lb . 164 160 201 159 187 177 210 176
Av. d a i l y  g a i n ,  lb . 1.25 1.23 1.63 1 .24 1.53 1.42 1.72 1.45
Femur a n a l y s i s
Fresh  w e ig h t ,  g. 239 261 282 273 222 214 272 278
A d ju s ted  200# w t . , g. 213 220 262 256 207 198 233 236
Ed iDhvs is
P e r c e n t  ash 16.94 19.66 19.71 2 6 .34 14.89 14.95 16. 14 18.76
P e r c e n t  ca lc ium 6.40 6 .80 6 .08 6 .02 5 .56 5 .72 6.39 7.39
P e r c e n t  phosphorus 2 .98 3 .08 2.79 3 .1 1 2.69 2.49 2 .96 3 .9 4
Ca/P r a t i o 2. 15 2 .21 2. 18 1.94 2 .07 2 .30 2. 16 1.88
P e r c e n t  d o se /g ram (a ) 0 .9 0 0 .63 0 .7 0 0 .51 2 .93 2 .33 1.22 0 .75
S p e c i f i c  a c t i v i t y ( 6 ) 1,40 0 .93 1.00 0.85 5 .27 4 .07 3.29 1.02
S h a f t
P e r c e n t  ash 55.61 54 .87 54.51 52.83 45. 18 5 3 .8 4 5 2 .84 50 .27
P e rc e n t  ca lc ium 20. 75 21.03 20.30 18.48 17.52 20.43 18.07 17.61
P e r c e n t  phosphorus 10. 10 10. 14 10.55 10.06 8 .7 4 9 .57 9 .33 9 .0 8
Ca/P r a t i o 2 .05 2 .07 1.92 1 .84 2 .00 2. 13 1.94 1 .94
P e r c e n t  dose/gram^3) 2 .61 1.89 3 .02 1.83 6 .8 7 5 .4 7 4. 47 2 .01
S p e c i f i c  a c t i v i t y ( b ) 1.26 0 .9 0 1.67 0.99 3 .92 2 .68 2 .20 1. 14
^ X  1 0 - 4
(b )X 10-6
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T ab le  XXII. E f f e c t  o f  D ie ta r y  Calcium  L evel on Bone Calcium -45
C o n c e n t r a t io n  in  Swine
Leve l  o f  c a lc iu m ,  % 0 .2 0 0 .4 0 0 .6 0 0 .8 0
I n i t i a l  w e ig h t ,  lb. 41 40 43 37
F i n a l  w e ig h t ,  lb . 176 169 205 167
Av. d a i l y  g a i n ,  lb. 1.39 1.33 1.68 1.35
Femur a n a l y s i s
F re sh  w e ig h t ,  g. 231 238 279 276
A d ju s ted  w e ig h t ,  g. 210 209 248 246
EDiohvs is
P e r c e n t  ash 15.92 17.31 17.93 22.55
P e r c e n t  ca lc ium 5 .9 8 6 .26 6 .2 4 6. 71
P e r c e n t  phosphorus 2 . 8 4 2. 79 2 .8 8 3 .52
Ca/P r a t i o 2. 11 2 .2 4 2. 17 1.91
P e r c e n t  dose /g ram ^a ^ 1.92 1.48 0 .9 6 0 .6 3
S p e c i f i c  a c t i v i t y ^ b^ 3 .3 4 2 .50 2. 15 0 .9 4
S h a f t
P e r c e n t  ash 50 .40 54.36 5 3 .68 51.55
P e r c e n t  ca lc ium 19. 13 20. 73 19. 19 18.05
P e r c e n t  phosphorus 9 .42 9 .8 6 9 . 9 4 9 .57
Ca/P r a t i o 2 .03 2. 10 1.93 1.89
P e r c e n t  d o s e /g r a m (a ) 4 .7 4 3 .6 8 3. 75 1.92
S p e c i f i c  a c t i v i t y ( b) 2 .59 1. 79 1.94 1.07
X 10- 4  
<b) X 10-6
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T able  XX1I1. E f f e c t  o f  D ie ta r y  T a llow  L evel on Bone Calcium-45
C o n c e n t r a t io n  in  Swine
Level o f  t a l l o w ,  % 0 .0 0 10.00
I n i t i a l  w e i g h t ,  lb . 41 39
F i n a l  w e ig h t ,  lb . 171 188
•
Average d a i l y  g a i n ,  lb. 1 .34 1.53
Femur a n a l v s i s
F resh  w e i g h t ,  g. 264 247
A d ju s te d  w e i g h t ,  g. 238 219
•Ed iDhva i s
P e r c e n t  ash 20 .66 16. 19
P e r c e n t  c a lc iu m 6.27 6 .33
P e r c e n t  phosphorus 2.99 3.02
Ca/P r a t i o 2. 10 2. 10
P e r c e n t  dose /g ram ^3 ) 0 .69 1.81
S p e c i f i c  a c t i v i  y ( b) 1.05 3. 41
S h a f t
P e r c e n t  ash 54. 46 50.33
P e r c e n t  ca lc ium 20. 14 18. 41
P e r c e n t  phosphorus 10.21 9. 18
Ca/P r a t i o 1.97 2 .01
P e r c e n t  dose /g ram ^a ^ 2 .3 4 4. 71
S p e c i f i c  a c t i v i t y ^ * 5) 1.21 2. 49
(a )  x  10-4  
<b) X 10"6
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Table  XXIV. E f f e c t  o f  D ie t a r y  Calcium a n d .T a l lo w  Level on Plasma 
I n o r g a n i c  Calcium and Phosphorus  in  Swine
Leve l  o f  c a lc iu m ,  1, 0 .2 0 0. 40 0 .6 0 0 .8 0
M i l l i g r a m  % c a lc iu m 10.33* 11. 15 11.29 11.29
M i l l i g r a m  % phosphorus 7. 75 8.25 8 .2 4 7.95
Level o f  t a l l o w ,  7. 0 10
M i l l i g r a m  7. ca lc ium 10.90 10.80
MilLlgranf t  phosphorus 8.05 8.05
*P < 0 .0 1
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T ab le  XXV. E f f e c t  o f  D ie ta r y  Calcium  and T a llow  L evel on Per
formance and C arcass  C h a r a c t e r i s t i c s  o f  Swine
Level o f  c a lc iu m ,  7, 









Number o f  p i g s ^ a ^ 4 4 4 4
Av. i n i t i a l  w e ig h t ,  lb. 36 .3 35 .5 37.0 36.0
Av. f i n a l  w e ig h t ,  lb . 189.3 222.0 197.3 216.0
Av. d a i l y  g a i n ,  lb . 1.21 1.48 1.30 1.61
Av. d a i l y  feed consumed, lb . 4 .06 5 .0 4 3.45 4 .54
Feed pe r  100# g a i n ,  lb . 331.6 337.3 276.0 280.2
Ca consumed, g. 4 .06 21.05 3. 76 17.11
P consumed, g. 8.66 11.67 7.36 9. 69
Ca/P r a t i o 0.  47 1.80 0 .5 1 1. 77
Av. c a r c a s s  w e ig h t ,  lb. 137.3 165.2 153. 7 166.5
Av. d r e s s i n g  p e rc e n ta g e 74.5 75. 1 75.8 76. 4
Av. back  f a t ,  mm. 31. 1 34. 7 38.9 41. 5
Av. p e r c e n t a g e  le an  c u t s 52. 1 53. 1 5 0 .0 49.6
Av. l o i n  eye a r e a ,  s q . i n . 4. 46 4.41 4.09 4. 29
( a ^ C arcas s  d a t a  t a k en  from 3 p ig s  pe r  t r e a t m e n t .
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T able  XXVI. E f f e c t  o f  D ie ta ry  Calcium and Tallow  Level on Per­
formance and C arcass  C h a r a c t e r i s t i c s  o f  Swine
Trea tment








Number o f  p ig s 8 8 8 8
Av. days on t e s t 125 119 126 118
Av. i n i t i a l  wt. , lb . 36. 7 35.9 35.9 36.5
Av. f i n a l  wt.  , lb. 193.3 219.0 205.5 206. 7
Av. d a i l y  g a i n ,  lb . 1.25 1.54* 1.35 1. 44
Av. d a l l y  f e e d ,  lb. 3. 76 4. 79 4.55 4.00
Feed per 100# g a i n ,  lb. 303.8 308.8 334.5 278. 1
Ca consumed, g. 3 .93 19.02 12.56 10.44
P consumed, g. 8.02 10.66 10. 17 8.53
Ca/P r a t i o 0.49 1. 78 1 .24 1.22
(a lAv. c a r c a s s  wt. ' 145.5 165.9 151.3 160.1
Av. d r e s s i n g  pe rcen tag e 75.2 75.7 74.8 76.2
Av. back f a t ,  mm. 35.0 38. 1 32.9 40.2*
Av. p e rc en ta g e  le an  cu ts 51.0 51.3 52.2 49.8
Av. l o i n  eye a r e a ,  sq. in. 4.27 4.35 4. 19 4.43
^a ^Carcass  d a t a  taken  
4P > 0.05 
*P < 0.05
from 6 p ig s per  t r e a tm en t .
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Table  XXVII. E f f e c t  o f  D i e t a r y  Calcium and T a l lo w  Level on 
Swine Femur Composi t ion  and D e n s i ty
Leve l  o f  c a lc iu m ,  % 









Femur w t . , g r a m s / 100# 115.8 109.2 105. 7 113.6
P e r c e n t  m o i s tu r e 22.65 16.66 21 .57 16.41
P e r c e n t  e t h e r  e x t r a c t 28. 18 25.95 30.79 30. 17
P e r c e n t  ash 64.86 68.69 63.59 68.52
P e r c e n t  ca lc ium 2 4 .34 26.53 24 .61 25.97
P e r c e n t  phosphorus 11.61 . 12 .24 10.79 12.24
Ca/P r a t i o 2. 10 2. 17 2 .2 8 2. 12
S p e c i f i c  g r a v i t y 1.1586 1.2704 1. 1743 1.2309
Breaking  s t r e n g t h ,  lb . 416. 7 820.0 393 .3 698.3
*P < 0 ,0 5  s i g n i f i c a n t  i n t e r a c t i o n .
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Table  XXVIII. E f f e c t  o f  D i e t a r y  Calcium and T a l low  Level on 
Swine Femur Composi t ion  and D ens i ty
T rea tm en t








Femur w t . , g r a m s / 100# 110.8 111. 4 112.5 109. 7
P e r c e n t  m o i s t u r e 22 .11** 16.54 19.66 18.99
P e r c e n t  e t h e r  e x t r a c t 29. 48 28.06 27.07 30 .48
P e r c e n t  a sh 64.23 68 .61** 66. 77 66.07
P e r c e n t  c a lc iu m 24.48 26 .25* 2 5 .44 25.29
P e r c e n t  phosphorus 11.20 12.24* 11.93 11.51
Ca/P r a t i o 2. 19 2 .1 4 2. 13 2. 19
S p e c i f i c  g r a v i t y 1.1663 1.2507* 1.2026 1.2145
Breaking  s t r e n g t h ,  lb . 405.0 759.2** 618.3 545.8
*P < 0 .05  
**P <  0 . 0 1
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T ab le  XXIX. E f f e c t  o f  D i e t a r y  Calcium and T a l lo w  Level on A bsorp ­
t i o n ,  R e t e n t i o n  and E x c r e t i o n  o f  Calcium by Swine
Level o f  c a l c iu m ,  7> 0 .2 0 0 .8 0 0 .2 0 0 .8 0
Leve l  o f  ta l low ,% 0 . 0 0 .0 10.0 10.0
Calcium consumed, g. 2 .66 17.31 2 .60 13. 73
Calc ium e x c r e t e d ,  g.
f e c e s 0 .9 1 7. 86 0. 73 6. 14
u r i n e 0. 14 0 .8 3 0 .0 7 0. 74
T o t a l 1.05 8 .69 0 .8 0 6 .8 8
Calc ium r e t a i n e d ,  g. 1.61 8 .62 1.80 6.85
Endogenous c a lc iu m ,  g.
f e c e s 0 .3 2 1.69 0 .3 6 1.31
ur ine 0. 14 0 .8 3 0 .0 7 0 . 7 4
T o t a l 0 .4 6 2 .52 0 .43 2.05
P e r c e n t  e x c r e t e d  c a lc iu m 43.8 29.0 5 3 .8 2 9 .8
A p p a ren t  d i g e s t i b i l i t y 65 .8 54 .6 71.9 55 .3
True d i g e s t i b i l i t y 77.8 6 4 .4 85 .8 64 .8
P e r c e n t  c a lc iu m  r e t a i n e d 60.5 49.8 69.2 49.9
P < 0 .0 1  s i g n i f i c a n t  i n t e r a c t i o n .
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T ab le  XXX. E f f e c t  o f  D ie ta r y  C alcium  and T a llow  L evel on A bsorp­
t i o n ,  R e te n t io n  and E x c r e t io n  o f  Calcium  by Swine








Calcium consumed, g. 2 .63 15.52 9 .9 8 8. 17
Calcium e x c r e t e d ,  g.
f e c e s 0 .8 2 7.00** 4 .38 3 .43
u r i n e 0. 10 0 .7 9 * 0. 48 0. 41
T o t a l 0 .9 2 7.79** 4.86 3 .8 4
Calcium r e t a i n e d ,  g. 1.71 7. 73** 5. 12 4.33
Endogenous ca lc iu m ,  g.
fe  ces 0 . 3 4 1.54* 1.26 1.21
u r i n e 0. 10 0. 79* 0 .4 8 0 .4 1
T o t a l 0 . 4 4 2 .33** 1 .74 1.62
P e r c e n t  e x c r e t e d  ca lc iu m 47.8** 30. 1 3 5 .8 42 .2
A p p a ren t  d i g e s t b i l l t y 68 .8** 54 .9 56. 1 58 .0
True  d i g e s t i b i l i t y 81 .7** 64 .8 68. 7 72 .8
P e r c e n t  c a lc iu m  r e t a i n e d _ _ Jkit65 .0 49.8 51 .3 53 .0*
*P < 0 .05
**P < 0 .0 1
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Table  XXXI. E f f e c t  o f  D i e t a r y  Calcium and Ta l low  Level on Absorp­
t i o n ,  R e t e n t i o n  and E x c r e t i o n  o f  Phosphorus by Swine
Level o f  c a lc iu m ,  % 









Phosphorus  consumed, g. 5 .6 3 9 .0 0 5 .0 7 7.46
Phosphorus  e x c r e t e d ,  g.
f e c e s 2 .67 5.55 1.98 3 .92
u r i n e 0 .25 0 .09 0. 16 0 .0 7
T o t a l 2 .92 5 . 6 4 2. 14 3.99
Phosphorus  r e t a i n e d ,  g. 2. 71 3 .36 2 .93 3 .47
A p p a ren t  d i g e s t i b i l i t y 5 2 .6 38.3 60.9 47 .5
P e r c e n t  phosphorus  r e t a i n e d 48. 1 37 .3 5 7 .8 46.5
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Table  XXXII. E f f e c t  o f  D i e t a r y  Calcium and T a l lo w  Level  on Absorp­
t i o n ,  R e t e n t i o n  and E x c r e t i o n  o f  R iosphorus  by Swine
Trea tm en t








Phosphorus  consumed, g. 
Phosphorus  e x c r e t e d ,  g:
5.35 8 .23* 7.31 6 .26
f e c e s 2 .33 4.74** 4. 11+ 2.95
u r i n e 0 .2 1 * * 0 .0 8 0. 17 0. 12
T o t a l 2 .5 4 4. 82** 4.28+ 3 .07
Phosphorus  r e t a i n e d ,  g. 2 .81 3 .41 3.03 3. 19
A p p a ren t  d i g e s t i b i l i t y 56 .4** 4 2 .4 43.8 52 .9*
P e r c e n t  phosphorus  r e t a i n e d 52 .5* 4 1 .4 41.5 51 .0*
*P < 0 .05  
*P > 0 .05
**P < 0 .0 1
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Tab le  XXX11I. E f f e c t  o f  D i e t a r y  Calcium and T a l low  Level  on  P e r c e n t
D i g e s t i b i l i t y  o f  Swine R a t io n s  Under F e e d -L o t  C o n d i t i o n s
Leve l  o f  c a lc iu m ,  7. 









N u t r i e n t
Calc ium 5 9 .4 4 53. 44 5 7 .01 44.02
Biosphorus 5 3 .4 4 3 5 .4 4 50. 78 22. 11
Dry m a t t e r 93 .45 93. 46 9 3 .51 93 .22
Energy 79.50 79.25 81.89 77.18
fcrote in 77. 78 75. 18 75 .94 77.33
E t h e r  e x t r a c t 25.75 - 0 .0 6 82. 46 56 .01
N i t r o g e n  f r e e  e x t r a c t 88.37 89 .38 88 .08 89.57
F i b e r 11. 12 19. 19 34.02 32.33
T o t a l  d i g e s t i b l e  n u t r i e n t s 4' 68.  40 67. 15 82.49 74.52
*P < 0 .0 5  s i g n i f i c a n t  i n t e r a c t i o n .
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T ab le  XXXIV. E f f e c t  o f  D i e t a r y  C alc ium  and Ta l lo w  Leve l  on P e r c e n t
D i g e s t i b i l i t y  o f  Swine R a t io n s  Under F eed -L o t  C o n d i t i o n s
T r ea tm e n t








N u t r i e n t
Calc ium 58 .2 3 * 48.58 56.29 50 .51
Phosphorus 52 .11** 28. 73 44 .39* 3 6 .4 4
Dry m a t t e r 9 3 .4 8 9 3 .3 4 93 .45 93 .97
Energy 80.75 78.22 79.43 79 .54
P r o t e i n 76.26 76.48 76. 48 76 .64
E t h e r  e x t r a c t 54. 10** 27.97 12.84 69.22**
N i t r o g e n  f r e e  e x t r a c t 88 .22 89. 47 88 .88 88.83
F i b e r 22 .57 25 .76 15. 16 33 .18*
T o t a l  d i g e s t i b l e  n u t r i e n t s 75. 45* 70 .84 67. 77 78.51**
*P < 0 .05
**P < 0 .0 1
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T ab le  XXXV. E f f e c t  o f  D i e t a r y  Calcium and T a l low  Level on 
Calcium Soaps In Feces  of  Swine
Level  o f  c a lc iu m ,  7. 









P e r c e n t  o f  e t h e r  e x t r a c t  
due to  i n s o l u b l e  soaps* 3 .87 3 .86 4 .0 4 5 .2 6
T rea tm en t








P e r c e n t  o f  e t h e r  e x t r a c t
due t o  i n s o l u b l e  soaps 3.95 4.56-» 3. 86 4.65
*P < 0 .0 5  s i g n i f i c a n t  i n t e r a c t i o n .  
4P >  0 .05
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Table  XXXVI. E f f e c t  o f  Calcium and Tallow Level on Plasma 
I n o r g a n ic  Calcium and ft iosphorus In Swine
Level of  ca lc ium ,  7. 









M i l l ig ra m  % ca lc ium 8.23 10.68 9 .4 6 11.77
M i l l ig ra m  7, phosphorus 7.88 7.51 7.26 8. 79
Ca/P r a t i o 1.04 1.42 1.30 1.34
Trea tment








M i l l ig ra m  % ca lc ium 8.85 11.22** 9. 45 10.61
M il l ig ra m  % phosphorus 7.57 8. 15 7.69 8.03
Ca/P r a t i o 1. 17 1.38 1.23 1.32
P < 0 .0 1
Table  XXXVII. E f f e c t  o f  D ie ta ry  H iosphorus and T allow  Level on Feed-Lot Perform ance and C arcass
C h a r a c t e r i s t i c s  of Swine
Level  o f  phosphorus ,  7. 

















Number o f  p i g s ^ a ^ 8 8 8 8 8 8 8 8
Av. i n i t i a l  w e ig h t ,  lb. 42.0 42.5 42.8 43.0 43.3 41 .8 43.0 42.0
Av. f i n a l  w e ig h t ,  lb. 188.8 180.8 188.5 183.0 182.5 178.0 184.8 187.0
Av. d a i l y  g a i n ,  lb. 1.31 1.33 1.41 1.53 1.43 1.35 1 .44 1.39
Av. d a i l y  feed consumed, lb. 4.07 3.53 4.35 3 .91 4.45 3.55 4 .48 3 .69
Feed c o n v e r s io n 311.1 265.2 310 .4 257.2 312. 1 266.3 311.0 26 4 .4
Ca consumed, g. 11.64 9 .62 11.85 11.01 12. 72 9.99 12.00 10.39
P consumed, g. 7.02 5 .61 8.89 7.81 10.91 8.86 13.02 10.89
Ca/P r a t i o 1.66 1.71 1.33 1.41 1. 17 1. 13 0 .92 0.95
Av. c a r c a s s  w e ig h t ,  lb. 138.7 137.6 139.1 145.9 145.1 143.1 139.6 141.0
Av. d r e s s i n g  p e r c e n t 76. 13 76.23 74.99 76.27 74. 41 77.35 76. 16 75.89
Av. back f a t ,  mm. 30.2 33.2 31 .6 38 .8 31.1 33.3 31 .7 35.9
Av. - p e r c e n t  l e a n  c u t s 54. 1 5 2 . 4 54 .0 50.5 5 3 . 4 54 .0 52 .8 51 .6
Av. l o i n  eye a r e a ,  sq.  in. 4. 48 3 .92 3 .92 3 .88 4. 20 4.39 4. 13 3.79
( a }
v 'C a r c a s s  d a t a  t aken  from 4 p ig s  pe r  t r e a tm e n t .
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Table  XXXVIII. E f f e c t  o f  D ie ta ry  Phosphorus Level on Feed-L ot
Perform ance and C arcass  C h a r a c t e r i s t i c s  o f  Swine
Level o f  phosphorus ,  7, 0.35 0 .45 0 .55 0.65
Number o f  p i g s ^ a ^ 16 16 16 16
Av. i n i t i a l  w e ig h t ,  lb. 38. 1 3 8 .4 38.2 38.3
Av. f i n a l  w e ig h t ,  lb. 184. 7 185.8 180.3 185.9
Av. d a i l y  g a i n ,  lb. 1.32 1.47 1.39 1. 42
Av. d a i l y  feed  consumed, lb. 3 .80 4. 13 4.00 4.09
Feed c o n v e r s io n 288.3 283.3 289.0 287.0
Ca consumed, g. 10.63 11. 43 11.36 11.20
P consumed, g. 6.32 8.35 9 .89 11.96
Ca/P r a t i o 1.68 1.37 1. 15 0 .9 4
Av. c a r c a s s  w e ig h t ,  lb. 138. 1 142.5 144. 1 140.3
Av. d r e s s i n g  p e r c e n t 76. 13 75.64 75.84 76.04
Av. back f a t ,  mm. 31 .7 35.2 32.2 33 .8
Av. p e r c e n t  l e an  c u t s 53 .2 52.2 53. 7 52 .2
Av. l o i n  eye a r e a ,  sq.  in . 4.20 3.90 4. 30 3.96
f £ \
Carcass  d a t a  tak en  from 8 p i g s  pe r t r e a tm e n t .
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Table XXXIX. E f f e c t  of D ie ta ry  T allow  Level on Feed-Lot P e r­
formance and C arcass  C h a r a c t e r i s t i c s  o f  Swine
Level  of  t a l l o w ,  7. 0 10
Number of p ig s ^ a ) 32 32
Av. i n i t i a l  w e ig h t ,  lb. 38.3 38.2
Av. f i n a l  w e igh t ,  lb. 186.2 182.2
Number of  days 106 103
Av. d a i l y  g a in ,  lb. 1.40 1.40
Av. d a i l y  feed consumed, lb. 4 .34* 3.67
Feed convers ion 311. 19** 263.0
Ca consumed, g. 12.05 10.25
P consumed, g. 9 .96 8.29
Ca/P r a t i o 1.21 1.24
Av. c a r c a s s  w e ig h t ,  lb. 140.6 141.9
Av. d r e s s i n g  p e r c e n t 75.34 76.45
Av. back f a t ,  mm. 31. 1 35.3**
Av. p e r c e n t  l e an  cu ts 53 .6** 52. 1
Av. l o in  eye a r e a ,  sq. in . 4. 18 3.99
*P < 0.05
**P < 0 .01
(a )Car  c ass  d a t a  tak en  from 16 p ig s  per t r e a tm e n t .
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Table  XL. E f f e c t  o f  D i e t a r y  Phosphorus  Leve l  Upon Swine Femur 
Composi t ion  and D ens i ty
Level o f  p h o sphorus , % .35 .45 .55 .65
Femur wt.  , g r a m s / 100 lb . 115.0 114.3 118. 4 116. 1
P e r c e n t  m o i s tu r e 16. 76 16.25 16.60 15.59
* 1
P e r c e n t  f a t * * 24. 75 18.85 19.01 20. 19
P e r c e n t  ash**  *■ 66.93 68.00 6 8 .0 4 68.97
P e r c e n t  ca lc ium** * 23.02 23.21 23.65 24. 79
P e r c e n t  phosphorus 1 11.65 11.98 12.00 12.61
Ca/P r a t i o 1.98 1 .94 1.97 1.97
S p e c i f i c  g r a v i t y * *  *■»q 1.2063 1.2725 1.2569 1.2546
'icBreaking  s t r e n g t h ,  lb .  tl , c 665.6 8 39 .4 730.0 726.3
*P < 0 .0 5
**P < 0 .0 1  
1 z  l i n e a r  
q ■ q u a d r a t i c  
c = c u b ic
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Tab le  XL1. E f f e c t  o f  D ie t a r y  Ta l low Level Upon Swine Femur 
Composi t ion  and D e n s i ty
Level o f  t a l l o w ,  7. 0 10
Femur w t . , g rams/100 lb . 118.3 113.7
P e r c e n t  m o i s tu r e 16.06 16.54
P e r c e n t  f a t 21 .28 20.09
P e r c e n t  ash 67.89 68 .08
P e r c e n t  ca lc ium 23. 72 23.62
P e r c e n t  phosphorus 12.03 12.09
Ca/P r a t i o 1.97 1.95
S p e c i f i c  g r a v i t y 1.2485 1.2467
Breaking  s t r e n g t h ,  lb. 762.5 718. 1
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T ab le  XLI1. E f f e c t  o f  D i e t a r y  Hiosphorus  and Ta l low  Level on 
Plasma I n o r g a n i c  Calcium and Phosphorus  in  Swine
Leve l  o f  p h o sphorus ,  % .35 .45 .55 .65
M i l l i g r a m  7. ca lc ium 11.31 11.70 11.99 11.94
M i l l i g r a m  % phosphorus 10.01 9 .2 1 7 .98 8.93
C a/P  r a t i o 1. 13 1.27 1.50 1 .34
Level o f  t a l l o w ,  7. 0 10
M i l l i g r a m  \  c a l c iu m 11.80 11.67
M i l l i g r a m  % phosphorus 8.69 9 .38
Ca/P  r a t i o 1.36 1.24
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Table  XL111. C o r r e l a t i o n  o f  P e r c e n t  Calc ium in  Swine F e c a l  Samples
w i th  F a t  C o n ten t  Before  and A f t e r  Acid E t h e r  E x t r a c t i o n
P e r c e n t  c a lc iu m  and
p e r c e n t  f a t  ( 1 s t  e x t r a c t i o n )  0 .5 8 *  4 .28*
107. t a l l o w  0 .8 0 *  5 .7 4 *
07. t a l l o w  0 .7 8 *  1.11*
P e r c e n t  c a lc iu m  and
p e r c e n t  f a t  ( t o t a l  e x t r a c t i o n )  0 .5 9 *  4 .52*
107. t a l l o w  0 .7 8 *  5 .78*
07. t a l l o w  0 .8 1 *  1 .60*
P e r c e n t  c a lc iu m  and p e r c e n t
f e c a l  f a t  due to  soaps  0 .30  0 .2 7
*P <  0 .05
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Tab le  XLIV. C o r r e l a t i o n  of P e r c e n t  Calcium i n  Swine Femurs w i th  
P e r c e n t  M o i s t u r e ,  P e r c e n t  E t h e r  E x t r a c t ,  S p e c i f i c  
G r a v i ty  and Break ing  S t r e n g t h  o f  Swine Femurs
P e r c e n t  m o i s t u r e
P e r c e n t  e t h e r  e x t r a c t
Calcium c a l c u l a t e d  on 
a d ry  w e i g h t  b a s i s
Calcium c a l c u l a t e d  on a 
d r y - f a t  f r e e  w e ig h t  b a s i s
S p e c i f i c  g r a v i t y
Break ing  s t r e n g t h ,  lb .
- . 68* * -1 .7 8 * *
- .9 3 * *
- .6 0 * *
.79**
. 71**
-2 .7 6 * *
- 3 . 5  4** 
-0 .0372**  
162.9**
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Hours A f t e r  Dosing
F ig u r e  1. E f f e c t  o f  0 . 2  and 0 . 8  P e r c e n t  Calcium and 10 P e rc e n t  Tallow 



























24 48 144 16872 96 120
Hours A f t e r  Dosing
F ig u r e  2. E f f e c t  o f  0 .2  and 0 . 8  P e rc e n t  Calcium and 0 P e rc e n t  Ta l low 
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Hours A f t e r  Dosing
F ig u r e  3. E f f e c t  of  0 and 10 P e r c e n t  Ta l low  and 0 .2  P e r c e n t  Calcium 
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Hours A f t e r  Dosing
F ig u r e  4. E f f e c t  o f  0 and 10 P e r c e n t  Ta l low  and 0 . 8  P e rc e n t  Calcium 
Level on Calcium-45 C o n c e n t r a t i o n  in Plasma and Feces
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